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5HVXPHQ

(O SUHVHQWH WUDEDMR VH KD GHVDUUROODGR HQ HO PDUFR GH XQ SUR\HFWR QDFLRQDO FRPSHWLWLYR GHO
3ODQ QDFLRQDO GH ,�'�, GHO 0LQLVWHULR GH &LHQFLD� ,QQRYDFLyQ \ 8QLYHUVLGDGHV� &RQVLVWH HQ
HO GLVHxR \ IDEULFDFLyQ GH XQ VLVWHPD FDSD] GH JHQHUDU KHWHURJHQHLGDGHV HQ OD VXSHUILFLH
HSLFiUGLFD GH XQ FRUD]yQ GH FRQHMR DLVODGR \ SHUIXQGLGR HQ XQ VLVWHPD /DQJHUGRII�

(O VLVWHPD HVWi FRPSXHVWR SRU PyGXORV WHUPRHOpFWULFRV TXH SXHGHQ VHU FRQWURODGRV GH
IRUPD LQGHSHQGLHQWH PHGLDQWH HO KDUGZDUH GHVDUUROODGR� 'H HVWD IRUPD VH JHQHUDQ JUD�
GLHQWHV GH WHPSHUDWXUD VREUH OD VXSHUILFLH GHO HSLFDUGLR� OR TXH SURYRFDUi HQWUH RWUDV� XQ
HQOHQWHFLPLHQWR HQ OD FRQGXFFLyQ VLPLODU D ODV KHWHURJHQHLGDGHV GH RULJHQ SDWROyJLFR�
(O SUR\HFWR LQFOX\H XQ HVWXGLR ULJXURVR GHO PRGHODGR \ OD VLPXODFLyQ WpUPLFD GHO VLVWH�
PD SDUD DVHJXUDU VX YLDELOLGDG� DVt FRPR XQD YDOLGDFLyQ SUiFWLFD GHO VLVWHPD PHGLDQWH
HQVD\RV SUHOLPLQDUHV HQ ODERUDWRULR GH HOHFWURILVLRORJtD FDUGtDFD H[SHULPHQWDO GH OD 89�
(Q HVH VHQWLGR VH KDQ UHDOL]DGR GLVHxRV HQ �' PHGLDQWH )XVLRQ ���� DOJRULWPRV \ GLD�
JUDPDV GH EORTXHV FRQ 0$7/$%�6LPXOLQN� DVt FRPR FDSWXUDV GH HVTXHPiWLFRV \ XQD
3&% PHGLDQWH /76SLFH \ $OWLXP 'HVLJQHU� $Vt FRPR OD LQWHJUDFLyQ GH GLVWLQWRV HTXLSD�
PLHQWRV HVSHFtILFRV GH ODERUDWRULR GH H[SHULPHQWDFLyQ DQLPDO SDUD OD FDSWXUD HILFLHQWH
GH UHJLVWURV HSLFiUGLFRV VXMHWRV D GLVWLQWDV FRQGLFLRQHV�

5HVXP

(O SUHVHQW WUHEDOO V¶KD GHVHQYROXSDW HQ HO PDUF G¶XQ SURMHFWH QDFLRQDO FRPSHWLWLX GHO 3OD
QDFLRQDO G¶,�'�, GHO 0LQLVWHUL GH &LqQFLD� ,QQRYDFLy L 8QLYHUVLWDWV� &RQVLVWHL[ HQ HO GLVVHQ\
L IDEULFDFLy G¶XQ VLVWHPD FDSDo GH JHQHUDU KHWHURJHQHwWDWV HQ OD VXSHUItFLH HSLFjUGLFD G¶XQ
FRU GH FRQLOO DwOODW L SHUIXQGLW HQ XQ VLVWHPD /DQJHUGRII�

(O VLVWHPD HVWj FRPSRVW SHU PzGXOV WHUPRHOqFWULFV TXH SRGHQ VHU FRQWURODWV GH PDQHUD
LQGHSHQGHQW PLWMDQoDQW HO KDUGZDUH GHVHQYROXSDW� '¶DTXHVWD PDQHUD HV JHQHUHQ JUD�
GLHQWV GH WHPSHUDWXUD VREUH OD VXSHUItFLH GH O¶HSLFDUGL� OD TXDO FRVD SURYRFDUj HQWUH DOWUHV�
XQ DOHQWLPHQW HQ OD FRQGXFFLy VLPLODU D OHV KHWHURJHQHwWDWV G¶RULJHQ SDWROzJLF� (O SURMHFWH
LQFORX XQ HVWXGL ULJRUyV GHO PRGHODWJH L OD VLPXODFLy WqUPLFD GHO VLVWHPD SHU D DVVHJXUDU
OD VHXD YLDELOLWDW� DL[t FRP XQD YDOLGDFLy SUjFWLFD GHO VLVWHPD PLWMDQoDQW DVVDMRV SUHOL�
PLQDUV HQ ODERUDWRUL G¶HOHFWURILVLRORJLD FDUGtDFD H[SHULPHQWDO GH OD 89� (Q DTXHL[ VHQWLW
V¶KDQ UHDOLW]DW GLVVHQ\V HQ �' PLWMDQoDQW )XVLRQ ���� DOJRULWPHV L GLDJUDPHV GH EORFV
DPE 0$7/$%�6LPXOLQN� DL[t FRP FDSWXUHV G¶HVTXHPjWLFV L XQD 3&% PLWMDQoDQW /76SLFH
L $OWLXP 'HVLJQHU� $L[t FRP OD LQWHJUDFLy GH GLIHUHQWV HTXLSDPHQWV HVSHFtILFV GH ODERUD�
WRUL G¶H[SHULPHQWDFLy DQLPDO SHU D OD FDSWXUD HILFLHQW GH UHJLVWUHV HSLFjUGLFV VXEMHFWHV D
GLIHUHQWV FRQGLFLRQV�

$EVWUDFW

7KH SUHVHQW ZRUN KDV EHHQ GHYHORSHG ZLWKLQ WKH IUDPHZRUN RI D FRPSHWLWLYH QDWLRQDO SUR�
MHFW RI WKH 3ODQ 1DFLRQDO GH ,�'�, RI WKH 0LQLVWHULR GH &LHQFLD� ,QQRYDFLyQ \ 8QLYHUVLGDGHV
�0LQLVWU\ RI 6FLHQFH� ,QQRYDWLRQ DQG 8QLYHUVLWLHV�� ,W FRQVLVWV RI WKH GHVLJQ DQG IDEULFDWLRQ



RI D V\VWHP FDSDEOH RI JHQHUDWLQJ KHWHURJHQHLWLHV RQ WKH HSLFDUGLDO VXUIDFH RI DQ LVRODWHG
UDEELW KHDUW SHUIXVHG LQ D /DQJHUGRII V\VWHP�

7KH V\VWHP LV FRPSRVHG RI WKHUPRHOHFWULF PRGXOHV WKDW FDQ EH LQGHSHQGHQWO\ FRQWUROOHG
E\ WKH GHYHORSHG KDUGZDUH� ,Q WKLV ZD\� WHPSHUDWXUH JUDGLHQWV DUH JHQHUDWHG RQ WKH VXU�
IDFH RI WKH HSLFDUGLXP� ZKLFK ZLOO FDXVH� DPRQJ RWKHU WKLQJV� FRQGXFWLRQ VORZLQJ VLPLODU
WR KHWHURJHQHLWLHV RI SDWKRORJLFDO RULJLQ� 7KH SURMHFW LQFOXGHV D ULJRURXV VWXG\ RI WKH PR�
GHOLQJ DQG WKHUPDO VLPXODWLRQ RI WKH V\VWHP WR HQVXUH LWV YLDELOLW\� DV ZHOO DV D SUDFWLFDO
YDOLGDWLRQ RI WKH V\VWHP WKURXJK SUHOLPLQDU\ WHVWV LQ WKH H[SHULPHQWDO FDUGLDF HOHFWURSK\�
VLRORJ\ ODERUDWRU\ RI WKH 89� ,Q WKLV VHQVH� �' GHVLJQV KDYH EHHQ PDGH XVLQJ )XVLRQ ����
DOJRULWKPV DQG EORFN GLDJUDPV ZLWK 0$7/$%�6LPXOLQN� DV ZHOO DV VFKHPDWLF FDSWXUHV DQG
D 3&% XVLQJ /76SLFH DQG $OWLXP 'HVLJQHU� $V ZHOO DV WKH LQWHJUDWLRQ RI GLIIHUHQW VSHFL�
ILF HTXLSPHQW IRU DQLPDO H[SHULPHQWDWLRQ ODERUDWRU\ IRU WKH HIILFLHQW FDSWXUH RI HSLFDUGLDO
UHFRUGLQJV VXEMHFW WR GLIIHUHQW FRQGLWLRQV�

�



ËQGLFH JHQHUDO

, 0HPRULD

�� ,QWURGXFFLyQ �

�� 6LVWHPD GH $GTXLVLFLyQ �
���� ,QWURGXFFLyQ DO FDWpWHU $GYLVRU� +' *ULG � � � � � � � � � � � � � � � � � � � �
���� (VWXGLR GHO FDWpWHU $GYLVRU� +' *ULG � � � � � � � � � � � � � � � � � � � � � �
���� 9HULILFDFLyQ GH OD WDUMHWD GH DGTXLVLFLyQ GH GDWRV � � � � � � � � � � � � � � � �
���� ,QWHUID] HQWUH $GYLVRU� +' *ULG \ 6&6, �� � � � � � � � � � � � � � � � � � � �
���� 'LVHxR \ IDEULFDFLyQ GH SLH]DV �' � � � � � � � � � � � � � � � � � � � � � � � �

������ &RQHFWRU JHQpULFR XQLYHUVDO ',1 � PP � � � � � � � � � � � � � � � � �
������ &DMD GH FRQH[LRQHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ &iQXOD SDUD VLVWHPD /DQJHUGRII � � � � � � � � � � � � � � � � � � � � ��

���� 9DOLGDFLyQ GHO VLVWHPD GH DGTXLVLFLyQ � � � � � � � � � � � � � � � � � � � � � ��

�� 6LVWHPD GH JHQHUDFLyQ GH KHWHURJHQHLGDGHV ��
���� $QDORJtD HOHFWURWpUPLFD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ /H\ GH )RXULHU� (FXDFLyQ GH FRQGXFFLyQ GH FDORU � � � � � � � � � � � ��
������ &RQYHFFLyQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� (IHFWRV WHUPRHOpFWULFRV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ (IHFWR 6HHEHFN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ (IHFWR 3HOWLHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ (IHFWR 7KRPVRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ (IHFWR -RXOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� &pOXODV GH 3HOWLHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 6HOHFFLyQ GH KDUGZDUH SDUD HO HQIULDPLHQWR VHOHFWLYR � � � � � � � � � � � � ��
���� 0RGHODGR GH OD FpOXOD GH 3HOWLHU � � � � � � � � � � � � � � � � � � � � � � � � ��

������ (FXDFLRQHV \ HVWDGR HVWDFLRQDULR � � � � � � � � � � � � � � � � � � � ��
������ (VWDGR WUDQVLWRULR � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ 6LPXODFLyQ HQ 0$7/$%�6LPXOLQN � � � � � � � � � � � � � � � � � � � � ��
������ 0RQWDMH GHO VLVWHPD VREUH OD UHIULJHUDFLyQ � � � � � � � � � � � � � � � ��
������ &DUDFWHUL]DFLyQ GHO PyGXOR WHUPRHOpFWULFR � � � � � � � � � � � � � � ��
������ 6LPXODFLyQ GHO HQIULDPLHQWR GH OD VXSHUILFLH HSLFiUGLFD � � � � � � � ��

�� 6LVWHPD GH FRQWURO ��
���� 5HJXODGRU OLQHDO LT� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ ����� /LPLWDFLyQ GH FRUULHQWH � � � � � � � � � � � � � � � � � � � � � � ��



Ë1',&( *(1(5$/

������ 6LPXODFLyQ HQ /76SLFH � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 0RGHOR GH VLPXODFLyQ WpUPLFD GH OD 3&% � � � � � � � � � � � � � � � � � � � ��

������ 'HVFULSFLyQ GHO PRGHOR � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ 3DUiPHWURV GHO PRGHOR � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ 6LPXODFLyQ WpUPLFD GHO GLVHxR SURSXHVWR � � � � � � � � � � � � � � � ��
������ 6LPXODFLyQ WpUPLFD GHO GLVHxR PRGLILFDGR � � � � � � � � � � � � � � � ��
������ 6LPXODFLyQ WpUPLFD GHO GLVHxR FRQ GLVLSDGRUHV � � � � � � � � � � � � ��

���� 'LVHxR GH OD 3&% � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
������ &DSWXUD GH HVTXHPiWLFRV � � � � � � � � � � � � � � � � � � � � � � � � ��
������ (PSOD]DPLHQWR GH FRPSRQHQWHV \ UXWDGR GH OD 3&% � � � � � � � � � ��

���� )DEULFDFLyQ GH OD 3&% � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 0RQWDMH \ YHULILFDFLyQ GH OD 3&% � � � � � � � � � � � � � � � � � � � � � � � � ��

�� ([SHULPHQWDFLyQ ��
���� 7HVW SUHOLPLQDU PHGLDQWH FORUHWLOR �&�+�&O� � � � � � � � � � � � � � � � � � � ��
���� *HQHUDFLyQ GH KHWHURJHQHLGDGHV PHGLDQWH HO DUUD\ GH FpOXODV GH 3HOWLHU � ��

�� &RQFOXVLRQHV ��

�� /LQHDV IXWXUDV ��

%LEOLRJUDItD ��

�



ËQGLFH GH ILJXUDV

���� (VWUXFWXUDV DQDWyPLFDV GH OD DXUtFXOD L]TXLHUGD \ HVWUXFWXUDV FLUFXQGDQWHV�
$ OD L]TXLHUGD� DWULEXWRV JHQHUDOHV GH OD DXUtFXOD L]TXLHUGD� $ OD GHUHFKD�
VHFFLyQ FRQ OD GHVFULSFLyQ GHWDOODGD GH ODV HVWUXFWXUDV DQDWyPLFDV GH OD
$, \ ODV HVWUXFWXUDV JHQHUDOHV GH OD XQLyQ HQWUH HO 9, \ OD $,� DVt FRPR ODV
HVWUXFWXUDV TXH GHOLPLWDQ OD $, >�@� � � � � � � � � � � � � � � � � � � � � � � � �

���� (VTXHPD GHO FDPLQR TXH VLJXH HO SRWHQFLDO GH DFFLyQ �3$� HQ HO SURFHVR
GH DFWLYDFLyQ GHO FRUD]yQ� ,]TXLHUGD� 7UDQVPLVLyQ GHO LPSXOVR FDUGtDFR D
WUDYpV GHO FRUD]yQ \ UHWDUGR GHVGH HO QRGR VLQXVDO HQ IUDFFLyQ GH VHJXQ�
GRV� (O QRGR VLQXVDO� HO QRGR DXULFXORYHQWULFXODU� ODV YtDV LQWHUQRGDOHV� ODV
UDPDV GHO KD] YHQWULFXODU \ ODV ILEUDV GH 3XUNLQMH VH UHSUHVHQWDQ FRQ XQ
FDPLQR DPDULOOR� 'HUHFKD� 6LVWHPD GH FRQGXFFLyQ GHO FRUD]yQ HQ UHODFLyQ
FRQ OD IRUPDFLyQ GH OD VHxDO GHO (&* \ ODV IDVHV GH FRQWUDFFLyQ \ UHODMDFLyQ
GH ODV DXUtFXODV \ ORV YHQWUtFXORV >��� ��@� � � � � � � � � � � � � � � � � � � � �

���� &DWpWHU $GYLVRU� +' *ULG FRQ FRQILJXUDFLyQ �[� \ HOHFWURGRV HTXLGLVWDQ�
WHV � PP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� 3LH]DV TXH FRQIRUPDQ OD FRQVWUXFFLyQ GHO FDWpWHU� � � � � � � � � � � � � � � �
���� 9LVWD IURQWDO GRQGH VH REVHUYD HO FRQH[LRQDGR GHO VLVWHPD GH DGTXLVLFLyQ

GH ��� FDQDOHV GHVDUUROODGR HQ OD 839 FRPSXHVWR SRU � 32'V LQGHSHQ�
GLHQWHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� &DSWXUD GHO VRIWZDUH %630 %LR,7$&$ GRQGH VH DSUHFLD OD FDSWXUD GH ODV
VHxDOHV (&* VLQWpWLFDV LQWURGXFLGDV HQ HO FDWpWHU D WUDYpV GH � FDQDOHV
VHOHFFLRQDGRV DOHDWRULDPHQWH� � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ,QWHUID] GH FRQH[LyQ HQWUH HO FDWpWHU \ HO VLVWHPD GH DGTXLVLFLyQ� (Q OD SDUWH
L]TXLHUGD VH PXHVWUD XQD UHSUHVHQWDFLyQ GHO FRQHFWRU SURSLHWDULR� OD SDUWH
FHQWUDO HO FRQH[LRQDGR RIUHFLGR SRU HO FDEOH GH GDLJQyVWLFR \ HQ OD SDUWH
GHUHFKD HO FRQHFWRU 6&6, ���+� � � � � � � � � � � � � � � � � � � � � � � � � �

���� 5HQGHU �' GHO FRQHFWRU GLVHxDGR DFRPSDxDGR GHO SURFHVR GH IDEULFDFLyQ
\ FRQH[LRQDGR FRQ 6&6, ���+� � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 3URFHVR GH HVDPEODMH PHGLDQWH DGKHVLYR WHUPRSOiVWLFR SDUD RIUHFHU UHVLV�
WHQFLD PHFiQLFD D ODV DFFLRQHV GH FRQH[LRQDGR�GHVFRQH[LRQDGR UHSHWLWLYDV� ��

���� 3URFHVR GH HVDPEODMH PHGLDQWH DGKHVLYR WHUPRSOiVWLFR SDUD RIUHFHU UHVLV�
WHQFLD PHFiQLFD D ODV DFFLRQHV GH FRQH[LRQDGR�GHVFRQH[LRQDGR UHSHWLWLYDV� ��

���� (Q OD SDUWH GHUHFKD VH HQFXHQWUD HO VLVWHPD GH SHUIXVLRQ /DQJJHQGRUII GHO
ODERUDWRULR GH HOHFWURILVLRORJtD GH OD 89� (Q OD SDUWH L]TXLHUGD VH HQFXHQWUD
HO FRUD]yQ GH UDWD FRQHFWDGR DO VLVWHPD FRQ OD FiQXOD GLVHxDGD� HO FDWpWHU
\ XQ HVWLPXODGRU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



���� &RQGXFFLyQ WpUPLFD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� (IHFWR 6HHEHFN� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� (IHFWR 3HOWLHU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� (IHFWR -RXOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� &pOXOD GH 3HOWLHU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� ,QWHJUDFLyQ GHO FDWpWHU HQ HO VLVWHPD GH UHIULJHUDFLyQ� 6H REVHUYD OD PDWUL]

IRUPDGDV SRU FHOXODV GH 3HOWLHU �&8, &3��������� \ HO HOHPHQWR UHIULJHUD�
GRU �+\GUXV 9��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 0RGHOR WpUPLFR� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 0RGHOR WpUPLFR VLPSOLILFDGR� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
���� &LUFXLWR HTXLYDOHQWH SDUD HO PRGHOR WpUPLFR� � � � � � � � � � � � � � � � � � � ��
�����&LUFXLWR HTXLYDOHQWH FRPSOHWR� � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����&LUFXLWR GH 6LPXOLQN TXH UHSURGXFH HO FRPSRUWDPLHQWR GHVFULWR HQ HO PR�

GHODGR GH OD FpOXOD GH 3HOWLHU� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����0RGHODGR GHO HQWRUQR GH OD FpOXOD GH 3HOWLHU� � � � � � � � � � � � � � � � � � ��
�����6LPXODFLyQ WpUPLFD GHO VLVWHPD � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����(Q HO ODGR GHUHFKR VH REVHUYD HO PRQWDMH LQGLYLGXDO GH FDGD XQD GH ODV

FpOXODV GH 3HOWLHU VREUH OD ERPED GH UHIULJHUDFLyQ \ VX DOLQHDFLyQ PHGLDQ�
WH XQD SODQWLOOD SOiVWLFD LPSUHVD HQ �'� (Q HO ODGR L]TXLHUGR SXHGH YHUVH
HO PRQWDMH FRPSOHWR HQ IXQFLRQDPLHQWR FRQ XQD SHJDWLQD DGHVKLYD SDUD
SURWHJHU ORV HOHPHQWRV GHO PRQWDMH� � � � � � � � � � � � � � � � � � � � � � � ��

�����6LVWHPD GH UHIULJHUDFLyQ FRQ XQD GH ODV FpOXODV GH 3HOWLHU HQFHQGLGDV FRQ�
JHODQGR OD FRQGHQVDFLyQ DPELHQWH� � � � � � � � � � � � � � � � � � � � � � � ��

�����,QWHUID] GH XVXDULR GHVDUUROODGD PHGLDQWH 0$7/$% $SS 'HVLJQHU SDUD YL�
VXDOL]DU OD WHPSHUDWXUD GH OD VXSHUILFLH GH OD FpOXOD GH 3HOWLHU PHGLDQWH HO
XVR GH XQD 37���� \ H[SRUWDU ORV GDWRV SDUD VX WUDWDPLHQWR� � � � � � � � � ��

�����7HPSHUDWXUD VLPXODGD YV 7HPSHUDWXUD UHDO� � � � � � � � � � � � � � � � � � � ��
�����0RGHOR WpUPLFR FDUGLDFR SDUD HO HQIULDPLHQWR� � � � � � � � � � � � � � � � � � ��
�����6LPXODFLyQ SDUDPpWULFD GH OD WHPSHUDWXUD HSLFiUGLFD� � � � � � � � � � � � � ��
�����6LPXODFLyQ SDUDPpWULFD GH OD WHPSHUDWXUD HSLFiUGLFD� � � � � � � � � � � � � ��

���� (VTXHPD GHO UHJXODGRU GH WHQVLyQ /7���� >��@ � � � � � � � � � � � � � � � � ��
���� (VTXHPD GHO UHJXODGRU GH WHQVLyQ /7���� >��@ � � � � � � � � � � � � � � � � ��
���� &RPSRUWDPLHQWR GHO FLUFXLWR SURSXHVWR� 5HVXOWDGR GH OD VLPXODFLyQ FRQ ORV

YDORUHV GH FDSDFLWDQFLD UHFRPHQGDGRV SRU HO IDEULFDQWH \ FRQ OD UHVLVWHQ�
FLD GH OLPLWDFLyQ GH FRUULHQWH FDOFXODGD� � � � � � � � � � � � � � � � � � � � � ��

���� 7UDQVIHUHQFLD GH FDORU HQWUH FHOGDV� � � � � � � � � � � � � � � � � � � � � � � ��
���� 0RGHOR GH WUDQVIHUHQFLD GH FDORU SDUD FHOGDV LQWHUQDV� � � � � � � � � � � � � ��
���� 0RGHOR GH WUDQVIHUHQFLD GH FDORU SDUD FHOGDV HQ ORV ERUGHV� � � � � � � � � ��
���� 'LVSRVLFLyQ SURSXHVWD GH ORV FRPSRQHQWHV VREUH OD 3&%� � � � � � � � � � � ��
���� 5HVXOWDGR GH OD VLPXODFLyQ WpUPLFD GHO GLVHxR SURSXHVWR� � � � � � � � � � � ��
���� SURSXHVWD GH GLVHxR FRQ GLVWULEXFLyQ PHMRUDGD� � � � � � � � � � � � � � � � � ��
�����5HVXOWDGR GH OD VLPXODFLyQ WpUPLFD FRQ GLVWULEXFLyQ PHMRUDGD� � � � � � � � ��
�����0RGHOR GHO GLVLSDGRU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����'LVLSDGRU ������%�����*� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����5HVXOWDGR GH OD VLPXODFLyQ WpUPLFD FRQ GLVLSDGRUHV� � � � � � � � � � � � � � ��
�����&DSWXUD GHO HVTXHPiWLFR EiVLFR� � � � � � � � � � � � � � � � � � � � � � � � � ��



�����(VTXHPiWLFR PXOWLFDQDO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����1LYHO VXSHULRU GH OD MHUDUTXtD � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����'LVHxR GH OD SODFD GH FLUFXLWR LPSUHVR� � � � � � � � � � � � � � � � � � � � � � ��
�����9LVWD �' GH OD 3&%� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�����(Q HO ODGR L]TXLHUGR VH REVHUYD FDSD WRS GH OD 3&%PLHQWUDV TXH HQ HO ODGR

GHUHFKR VH REVHUYD OD FDSD ERWWRP� � � � � � � � � � � � � � � � � � � � � � � ��
�����(Q HO ODGR L]TXLHUGR VH REVHUYD OD 3&% FRQ OD YLVLELOLGDG GH WRGDV ODV FDSDV

KDELOLWDGDV PLHQWUDV TXH HQ HO ODGR GHUHFKR VH REVHUYD HO 60' 6WHQFLO TXH
SHUPLWH OD FRORFDFLyQ GH ORV FKLSV 60'� � � � � � � � � � � � � � � � � � � � � ��

�����0RQWDMH GH OD 3&% FRPSOHWDGR� � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� $SOLFDFLyQ GH FORUHWULOR VREUH OD VXSHUILFLH HSLFiUGLFD GHO FRUD]yQ SDUD JH�
QHUDU XQ JUDGLHQWH GH WHPSHUDWXUD GH IRUPD WHPSRUDO� 3XHGH DSUHFLDUVH HO
HIHFWR GH OD FULRJHQL]DFLyQ VREUH OD LQVWUXPHQWDFLyQ� � � � � � � � � � � � � � ��

���� 7UDPR GH VHxDO UHJLVWUDGR SRU HO FDWpWHU GXUDQWH ORV H[SHULPHQWRV� � � � � � ��
���� $UUD\ GH PyGXORV 7(* VREUH OD VXSHUILFLH HSLFiUGLFD FRQ HO +' *ULG DFR�

SODGR HQ OD SRVLFLyQ GH UHJLVWUR� � � � � � � � � � � � � � � � � � � � � � � � � ��
���� 9LVWD WUDVHUD GHO PRQWDMH FRQ HO EUD]R GH VXMHFLyQ GHO FRUD]yQ SDUD HYLWDU

TXH VH VHSDUH GHO VLVWHPD GH HQIULDPLHQWR \ UHJLVWUR FRQ FDGD ODWLGR� � � � ��



ËQGLFH GH WDEODV

���� &DUDFWHUtVWLFDV GH OD WDUMHWD GH DGTXLVLFLyQ GH GDWRV >��@� � � � � � � � � � � �
���� &RUUHVSRQGHQFLD HQWUH ORV SLQHV GH ODV GLIHUHQWHV LQWHUIDFHV GH FRQH[LyQ�

3XHGH REVHUYDUVH OD FRUUHVSRQGHQFLD ILQDO HQWUH HO HOHFWURGR ItVLFR \ HO
Q~PHUR GH FDQDO D WUDYpV GHO FXDO VH SURGXFH OD YLVXDOL]DFLyQ HQ HO VRIWZDUH
GH DGTXLVLFLyQ GH OD DFWLYLGDG UHJLVWUDGD� � � � � � � � � � � � � � � � � � � � �

���� $QDORJtD HOHFWURWpUPLFD GH ODV SURSLHGDGHV GH DPERV GRPLQLRV� � � � � � � ��
���� &DUDFWHUtVWLFDV WHUPRHOpFWULFDV GHO PyGXOR VHOHFFLRQDGR� � � � � � � � � � � ��
���� &RHILFLHQWHV GH ORV SROLQRPLRV >��@� � � � � � � � � � � � � � � � � � � � � � � ��
���� 3DUiPHWURV WpUPLFRV GHO WHMLGR FDUGLDFR >��� ��@� � � � � � � � � � � � � � � � ��

���� 9DORUHV GH FDSDFLWDQFLD UHFRPHQGDGRV SRU HO IDEULFDQWH� � � � � � � � � � � ��
���� &RQGLFLRQHV LQFLDOHV GHO PRGHOR SDUD LQLFLDU OD VLPXODFLyQ WpUPLFD GH OD 3&%� ��
���� 'LPHQVLRQHV \ SRWHQFLD GLVLSDGD SRU ORV FLUFXLWRV LQWHJUDGRV �,&V�� � � � � � ��
���� 3DUiPHWURV GH ODV FHOGDV FRQ GLVLSDGRU�� � � � � � � � � � � � � � � � � � � � ��
���� &RPSRQHQWHV QHFHVDULRV SDUD HO PRQWDMH� � � � � � � � � � � � � � � � � � � ��



/LVWDGR GH VLJODV HPSOHDGDV

$9 9iOYXODV $XUtFXOR�9HQWULFXODUHV�

%630 &DUWRJUDItD GHO 3RWHQFLDO GH OD 6XSHUILFLH &RUSRUDO �%RG\ 6XUIDFH 3RWHQWLDO 0DS�
SLQJ��

(&* (OHFWURFDUGLRJUDPD�

(*0 (OHFWURJUDPD�

)$ )LEULODFLyQ $XULFXODU�

)3*$ 0DWUL] GH 3XHUWDV /yJLFDV 3URJUDPDEOH �)LHOG 3URJUDPPDEOH *DWH $UUD\V��

,& &LUFXLWR ,QWHJUDGR �,QWHJUDWHG &LUFXLW��

/,'$5 'HWHFFLyQ \ $OFDQFH GH OD /X] �/LJKW 'HWHFWLRQ DQG 5DQJLQJ��

3&% 3ODFD GH &LUFXLWR ,PSUHVR �3ULQWHG &LUFXLW %RDUG��

6&& 6LVWHPD GH &RQGXFFLyQ &DUGtDFR�

60' 'LVSRVLWLYR GH 0RQWDMH 6XSHUILFLDO �6XUIDFH 0RXQWHG 'HYLFH��

7(* *HQHUDGRU 7HUPRHOpFWULFR �7KHUPRHOHFWULF *HQHUDWRU��

7,0 0DWHULDO GH ,QWHUID] 7pUPLFD �7KHUPDO ,QWHUIDFH 0DWHULDO��



3DUWH ,

0HPRULD





&DStWXOR �

,QWURGXFFLyQ

(O FRUD]yQ HV HO yUJDQR HQFDUJDGR GH ERPEHDU OD VDQJUH HQ HO VLVWHPD FLUFXODWRULR \ TXH
SHUPLWH HO WUDQVSRUWH ODV VXVWDQFLDV QHFHVDULDV D ODV FpOXODV� WHMLGRV \ UHVWR GH yUJDQRV
SDUD VDWLVIDFHU ODV QHFHVLGDGHV PHWDEyOLFDV \ DVHJXUDU HO FRUUHFWR IXQFLRQDPLHQWR GH
HVWRV� >�� �@ (O FRUD]yQ VH XELFD HQ HO WyUD[� SURWHJLGR SRU HO HSLFDUGLR \ HO SHULFDUGLR�
VDFR FRPSXHVWR SRU ILEUDV TXH OR SURWHJH >�@� (VWiQ VHSDUDGRV SRU XQD VROXFLyQ DFXRVD
TXH DFW~D FRPR OXEULFDFLyQ� /D SDUHG FDUGLDFD VH GHQRPLQD PLRFDUGLR \ HVWi IRUPDGR
SULQFLSDOPHQWH SRU FpOXODV PXVFXODUHV FDUGtDFDV� \ VX VXSHUILFLH LQWHUQD� HO HQGRWHOLR >�@�

(O FRUD]yQ GH ORV VHUHV KXPDQRV VH FRPSRQH GH FXDWUR FDYLGDGHV� GRV HQ FDGD XQD
GH ODV PLWDGHV� (VWDV PLWDGHV VH FRPSRQHQ GH XQD DXUtFXOD \ XQ YHQWUtFXOR TXH VH VH�
SDUDQ SRU XQDV YiOYXODV GHQRPLQDGDV YiOYXODV DXUtFR�YHQWULFXODUHV �$9�� /DV $9 VRQ
UHVSRQVDEOHV GH FRQWURODU HO IOXMR VDQJXtQHR GH OD DXUtFXOD DO YHQWUtFXOR� /RV YHQWUtFXORV
VH HQFXHQWUDQ VHSDUDGRV SRU XQ P~VFXOR GHQRPLQDGR WDELTXH LQWHUYHQWULFXODU� /D $9 L]�
TXLHUGD VH FRQRFH FRPR YiOYXOD ELF~VSLGH R PLWUDO� \ OD $9 GHUHFKD VH GHQRPLQD YiOYXOD
WULF~VSLGH� /DV $9 WLHQHQ XQ SDSHO SDVLYR TXH SHUPLWHQ HO IOXMR GH VDQJUH HQ IXQFLyQ GH
XQ JUDGLHQWH GH SUHVLyQ� (Q IXQFLyQ GH OD GLUHFFLyQ GHO JUDGLHQWH� ODV YiOYXODV VH DEUHQ R
VH FLHUUDQ \D TXH VRQ XQLGLUHFFLRQDOHV� &RQ HO ILQ GH PDQWHQHU OD XQLGLUHFFLRQDOLGDG� ODV
YiOYXODV HVWiQ DQFODGDV D ORV P~VFXORV SDSLODUHV SRU ODV FXHUGDV WHQGLQRVDV >�� �@�

(O VLVWHPD GH FRQGXFFLyQ FDUGtDFR �6&&� HV XQD H[WHQVD UHG GH WHMLGR H[FLWDEOH HQFDUJD�
GD GH JHQHUDU \ SURSDJDU LPSXOVRV HOpFWULFRV SDUD SURGXFLU OD FRQWUDFFLyQ GHO FRUD]yQ� /D
LQHUYDFLyQ WRPD XQ SDSHO HVHQFLDO SDUD HQWHQGHU OD DFWLYDFLyQ GH ODV FpOXODV FDUGLDFDV�
/DV ILEUDV SRVWJDQJOLyQLFDV VLPSiWLFDV TXH SURYLHQHQ GH ORV QHUYLRV WRUiFLFR \ HVSLQDO
LQHUYDQ DPERV� OD DXUtFXOD \ HO YHQWUtFXOR PHGLDQWH KRUPRQDV FRPR OD QRUHSLQHIULQD TXH
DFWLYD ORV UHFHSWRUHV EHWD�DGUHQpUJLFRV GHO WHMLGR FDUGLDFR >�� �@� (Q HO FDVR GH OD DXUtFX�
OD� ORV UHFHSWRUHV PXVFDUtQLFRV GH OD DFHWLOFROLQD WRPDQ XQ SDSHO HVHQFLDO� LQHUYDGRV SRU
ODV ILEUDV SDUDVLPSiWLFDV GH ORV QHUYLRV YDJRV >�@�

(O LQLFLR GHO LPSXOVR VH SURGXFH HQ HO QRGR VLQXVDO� TXH WLHQHQ DOWRV QLYHOHV GH DXWRPD�
WLFLGDG� SHUR SURSLHGDGHV GH FRQGXFFLyQ OHQWDV� /D SURSDJDFLyQ UiSLGD GHO LPSXOVR HV
XQD FDUDFWHUtVWLFD GHO VLVWHPD GH FRQGXFFLyQ YHQWULFXODU� TXH HV HVHQFLDO SDUD OD FRUUHF�
WD VLQFURQL]DFLyQ GH ODV FiPDUDV YHQWULFXODUHV >��@� &XDQGR IXQFLRQD FRUUHFWDPHQWH� HO
6&&� SURGXFH XQRV ����� PLOORQHV GH ODWLGRV GXUDQWH OD YLGD GH XQ VHU KXPDQR \ GLULJH HO
IOXMR GH LPSXOVRV FDUGtDFRV� GLVHxDGR SDUD PD[LPL]DU HO UHQGLPLHQWR FDUGtDFR� /D LQLFLD�

�



&$3Ë78/2 �� ,1752'8&&,Ï1

)LJXUD ���� (VWUXFWXUDV DQDWyPLFDV GH OD DXUtFXOD L]TXLHUGD \ HVWUXFWXUDV FLUFXQGDQWHV�
$ OD L]TXLHUGD� DWULEXWRV JHQHUDOHV GH OD DXUtFXOD L]TXLHUGD� $ OD GHUHFKD� VHFFLyQ FRQ OD
GHVFULSFLyQ GHWDOODGD GH ODV HVWUXFWXUDV DQDWyPLFDV GH OD $, \ ODV HVWUXFWXUDV JHQHUDOHV
GH OD XQLyQ HQWUH HO 9, \ OD $,� DVt FRPR ODV HVWUXFWXUDV TXH GHOLPLWDQ OD $, >�@�

FLyQ R SURSDJDFLyQ DQRUPDO GH ORV LPSXOVRV SXHGH GDU OXJDU D DUULWPLDV \ WDTXLFiUGLFDV�
TXH SURGXFHQ WRGD XQD VHULH GH VtQWRPDV� FRPR HO VtQFRSH� OD LQVXILFLHQFLD FDUGtDFD R OD
PXHUWH FDUGtDFD V~ELWD >��@�

(Q JHQHUDO� ODV DUULWPLDV DXULFXODUHV RFXUUHQ FXDQGR OD VHxDO HOpFWULFD GH OD DXUtFXOD HP�
SLH]D HQ XQD ORFDOL]DFLyQ SRFR FRP~Q \ FRQWUDH OD DXUtFXOD GH XQD IRUPD LUUHJXODU FRQ
UHVSHFWR DO SXOVR FDUGLDFR� GH XQD IRUPD PiV R PHQRV GHVRUJDQL]DGD� GDQGR OXJDU HQ HO
~OWLPR FDVR D FLUFXLWRV GH PLFUR R PDFURUUHHQWUDGD >��@� 6H HQWLHQGH HQ UDVJRV DPSOLRV
TXH ORV FLUFXLWRV PiV GHVRUJDQL]DGRV VH GDQ HQ ILEULODFLyQ DXULFXODU� \ ORV PiV RUJDQL�
]DGRV HQ IO~WHU DXULFXODU� HVWDQGR OD WDTXLFDUGLD DXULFXODU HQ XQ OXJDU LQWHUPHGLR >��@� (V
FRP~Q DQDOL]DU ORV PDSDV GH OD DXUtFXOD SDUD GHWHFWDU ]RQDV GH FRQGXFFLyQ OHQWD SDUD
ORFDOL]DU \ FODVLILFDU ORV WLSRV GH WDTXLFDUGLD R IO~WHU >��� ��@� SHUR HO FDVR GH OD ILEULODFLyQ
DXULFXODU HV PiV FRPSOHMR SRU HO DOWR QLYHO GH GHVRUJDQL]DFLyQ�

'H KHFKR� DFWXDOPHQWH� OD ILEULODFLyQ DXULFXODU �)$� HV OD DUULWPLD PiV IUHFXHQWH HQ HO
iPELWR FOtQLFR� FDUDFWHUL]DGD SRU LQGXFLU XQ ULWPR FDUGLDFR DFHOHUDGR \ GHVLJXDO >��@� 'L�
FKD DIHFFLyQ HVWi SURYRFDGD SRU XQ GHWHULRUR GH OD IXQFLyQ HOHFWURILVLROyJLFD GHO WHMLGR
PLRFiUGLFR GH OD SDUWH VXSHULRU GHO FRUD]yQ �DXUtFXODV� TXH UHFLEH PXOWLWXG GH LPSXOVRV
HOpFWULFRV GH IRUPD FDyWLFD >��@�

(O WUDWDPLHQWR GH OD ILEULODFLyQ DXULFXODU VH DERUGD PHGLDQWH OD DGPLQLVWUDFLyQ GH PH�
GLFDPHQWRV TXH VHDQ FDSDFHV GH UHVWDEOHFHU HO ULWPR VLQXVDO GHO FRUD]yQ� DXQTXH HQ

�



GHWHUPLQDGRV FDVRV� ORV PHGLFDPHQWRV QR VRQ FDSDFHV GH FRQWURODU OD )$ \ HV QHFHVD�
ULR UHFXUULU D SURFHGLPLHQWRV TXLU~UJLFRV �DEODFLyQ FRQ FDWpWHU� TXH GHVWUX\DQ ODV ]RQDV
GH WHMLGR FDUGLDFR FDXVDQWHV GH OD DFWLYLGDG HOpFWULFD HUUiWLFD >��@�

)LJXUD ���� (VTXHPD GHO FDPLQR TXH VLJXH HO SRWHQFLDO GH DFFLyQ �3$� HQ HO SURFHVR GH
DFWLYDFLyQ GHO FRUD]yQ� ,]TXLHUGD� 7UDQVPLVLyQ GHO LPSXOVR FDUGtDFR D WUDYpV GHO FRUD]yQ
\ UHWDUGR GHVGH HO QRGR VLQXVDO HQ IUDFFLyQ GH VHJXQGRV� (O QRGR VLQXVDO� HO QRGR DXULFX�
ORYHQWULFXODU� ODV YtDV LQWHUQRGDOHV� ODV UDPDV GHO KD] YHQWULFXODU \ ODV ILEUDV GH 3XUNLQMH
VH UHSUHVHQWDQ FRQ XQ FDPLQR DPDULOOR� 'HUHFKD� 6LVWHPD GH FRQGXFFLyQ GHO FRUD]yQ HQ
UHODFLyQ FRQ OD IRUPDFLyQ GH OD VHxDO GHO (&* \ ODV IDVHV GH FRQWUDFFLyQ \ UHODMDFLyQ GH
ODV DXUtFXODV \ ORV YHQWUtFXORV >��� ��@�

/D DEODFLyQ SRU FDWpWHU VH UHDOL]D PHGLDQWH QDYHJDGRUHV HOHFWURDQDWyPLFRV FDUGtDFRV
TXH SHUPLWHQ UHDOL]DU XQ HVWXGLR HQ �' GH OD FDYLGDG FDUGLDFD� (VWH SURFHGLPLHQWR HVWi
IXHUWHPHQWH LQIOXHQFLDGR SRU HO WLSR GH FDWpWHU XWLOL]DGR SDUD UHJLVWUDU ORV HOHFWURJUDPDV
�(*0V�� 3RU HOOR� GXUDQWH ORV ~OWLPRV DxRV KDQ VXUJLGR PXOWLWXG GH FDWpWHUHV IOH[LEOHV
FRQ GLYHUVDV IRUPDV JHRPpWULFDV FRQ OD ILQDOLGDG GH PHMRUDU OD H[SORUDFLyQ \ FDOLGDG GHO
PDSHR� $ SHVDU GH ORV QXHYRV WLSRV GH VRQGD LQWURGXFLGDV� OD PRGDOLGDG GHO UHJLVWUR VLJXH
VLHQGR OD WUDGLFLRQDO� HO UHJLVWUR XQLSRODU TXH HV VXVFHSWLEOH DO UXLGR GH EDMD IUHFXHQFLD
\ HO UHJLVWUR ELSRODU TXH HV PX\ GHSHQGLHQWH GH OD GLUHFFLyQ GH SURSDJDFLyQ GH OD RQGD
>��� ��@�

(O FDWpWHU $GYLVRU� +' *ULG �YHU ILJXD ���� HV XQR GH ORV DSUREDGRV UHFLHQWHPHQWH SDUD
XVR FOtQLFR TXH FRQVWD GH �� HOHFWURGRV HTXLHVSDFLDGRV ��PP� HQ IRUPD GH PDWUL] GH �[�
FRQ XQD SRVLFLyQ HVSDFLDO HVWDEOH TXH SHUPLWH FUHDU PDSDV FDUGLDFRV GH DOWD GHQVLGDG
>��@� $GHPiV� VX GLVSRVLFLyQ SHUPLWH OD H[SORUDFLyQ GH ORV UHJLVWURV RPQLSRODUHV TXH VRQ
LQGHSHQGLHQWHV GH OD GLUHFFLyQ GH SURSDJDFLyQ GH ODV RQGDV FDUGLDFDV >��� ��@� 7RGDV
HVWDV FXDOLGDGHV SHUPLWHQ GLIHUHQFLDU PHMRU HO WHMLGR VDQR GHO WHMLGR GDxDGR�

/D DFWLYLGDG HOpFWULFD GHO FRUD]yQ VH YH DOWHUDGD SRU ORV FDPELRV GH WHPSHUDWXUD GHELGR D
TXH VH SURGXFH XQ HIHFWR PRGXODGRU VREUH ODV SURSLHGDGHV HOHFWURILVLROyJLFDV GHO WHMLGR
FDUGLDFR� 7DQWR HO HQIULDPLHQWR FRPR FDOHQWDPLHQWR GHO PLRFDUGLR HQ PRGHORV DQLPDOHV
KD VLGR XWLOL]DGR SDUD HO HVWXGLR \ VLPXODFLyQ GH DUULWPLDV� (VWR SHUPLWH HPXODU VLWXDFLRQHV
HQ ODV TXH VH SURGXFHQ FDPELRV HVWUXFWXUDOHV SURYRFDGDV SRU OD ILEURVLV R ODV FLFDWULFHV
HQ HO WHMLGR PLRFiUGLFR >��@�

/R GHVFULWR DQWHULRUPHQWH HV HO SXQWR GH SDUWLGD GH HVWH WUDEDMR� TXH SUHWHQGH PRGLILFDU
GH IRUPD ORFDO ODV SURSLHGDGHV HOHFWURILVLROyJLFDV GHO WHMLGR PHGLDQWH HQIULDPLHQWR VH�

�
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OHFWLYR SDUD UDOHQWL]DU OD YHORFLGDG GH FRQGXFFLyQ \ UHSURGXFLU GH IRUPD FRQWURODGD ODV
FDUDFWHUtVWLFDV UHODWLYDV DO GHWHULRUR GHO VXVWUDWR HOHFWURILVLROyJLFR DVRFLDGR D ODV ]RQDV
ILEUyWLFDV� $ VX YH]� HV QHFHVDULR UHDOL]DU HO UHJLVWUR GH ODV VHxDOHV HOpFWULFDV FDSWDGDV
SRU ORV PXOWLHOHFWURGRV GH DOWD GHQVLGDG GHO FDWpWHU $GYLVRU� +' *ULG�

3DUD HPXODU OD JHQHUDFLyQ GH KHWHURJHQHLGDGHV HQ OD DFWLYDFLyQ HOpFWULFD PHGLDQWH OD
YDULDFLyQ GH WHPSHUDWXUD VH KD GLVHxDGR XQ VLVWHPD FRQWURO \ XQ VLVWHPD GH HQIULDPLHQ�
WR VHOHFWLYR PHGLDQWH OD XWLOL]DFLyQ GH UHIULJHUDGRUHV WHUPRHOpFWULFRV FRPSDWLEOHV FRQ HO
VLVWHPD GH DGTXLVLFLyQ GH VHxDOHV HQ WLHPSR UHDO GHVDUUROODGR SRU HO JUXSR %,2�,7$&$ \
TXH VH SXHGD LQWHJUDU FRQ HO FDWpWHU $GYLVRU� +' *ULG�

�
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6LVWHPD GH $GTXLVLFLyQ

���� ,QWURGXFFLyQ DO FDWpWHU $GYLVRU� +' *ULG

(O $GYLVRU� +' *ULG HV XQR GH ORV FDWpWHUHV PiV UHFLHQWHV� DSUREDGR SDUD XVR FOtQLFR
HQ ����� FRQ XQD FRQILJXUDFLyQ GH HOHFWURGRV HTXLHVSDFLDGRV HQ IRUPD GH PDWUL] �[��
/RV �� HOHFWURGRV HVWiQ GLVSXHVWRV VREUH XQD HVWUXFWXUD IOH[LEOH FDSD] GH DGDSWDUVH D
OD IRUPD GHO FRUD]yQ PDQWHQLHQGR VXV SURSLHGDGHV HVSDFLDOHV >��@� 3XHGH REVHUYDUVH OD
FRQILJXUDFLyQ GHO FDWpWHU HQ OD ILJXUD ����

3m
m

3mm

)LJXUD ���� &DWpWHU $GYLVRU� +' *ULG FRQ FRQILJXUDFLyQ �[� \ HOHFWURGRV HTXLGLVWDQWHV
� PP�

6X GLVSRVLFLyQ HV HVHQFLDO SDUD FUHDU PDSDV WULGLPHQVLRQDOHV GH JUDQ SUHFLVLyQ GH OD
]RQD H[SORUDGD \ GLIHUHQFLDU HO WHMLGR VDQR GHO WHMLGR GDxDGR� 'H HVWD IRUPD VH HQFXHQWUDQ
ODV DUULWPLDV GH IRUPD PiV SUHFLVD >��@�

�
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���� (VWXGLR GHO FDWpWHU $GYLVRU� +' *ULG

&RPR VXHOH VHU KDELWXDO HQ HO VHFWRU PpGLFR� \ PiV HQ FRQFUHWR FRQ ODV PXOWLQDFLRQDOHV�
OD HPSUHVD UHVSRQVDEOH GHO GLVHxR GHO GLVSRVLWLYR QR SURSRUFLRQD DSHQDV LQIRUPDFLyQ
VREUH OD FRQVWUXFFLyQ \ ORV HOHPHQWRV LQWHUQRV� SRU HOOR HV QHFHVDULR HVWXGLDU VX LQWHULRU�

)LJXUD ���� 3LH]DV TXH FRQIRUPDQ OD FRQVWUXFFLyQ GHO FDWpWHU�

(V GH YLWDO LPSRUWDQFLD FRPSUREDU TXH QR H[LVWHQ HOHPHQWRV DFWLYRV GHQWUR GHO GLVSRVLWLYR
TXH SXHGDQ LQWHUIHULU HQ OD DGTXLVLFLyQ GH OD VHxDO� SDUD HOOR VH OOHYD D FDER HO GHVPRQWDMH
GHO PLVPR REWHQLHQGR FRPR UHVXOWDGR OR REVHUYDGR HQ OD ILJXUD ����

(Q OD ILJXUD � VH REVHUYD ORV GLVWLQWRV FRPSRQHQWHV TXH FRQIRUPDQ HO FDWHWHU� (O GLVSRVLWL�
YR FRQVWD GH �� PLFURFDEOHV FRQHFWDGRV D FDGD XQR GH ORV HOHFWURGRV TXH VH FRQFHQWUDQ
HQ HO FDEH]DO �QDUDQMD�� &DEH GHVWDFDU TXH GHQWUR GHO FDEH]DO KD\ XQ GLVSRVLWLYR DFWLYR
TXH DSDUHQWD VHU XQ WUDQVLVWRU \ SDUHFH WHQHU OD IXQFLyQ GH SURGXFLU HVWtPXORV�

8WLOL]DQGR HO JHQHUDGRU GH IXQFLRQHV +3 ����� SDUD LQWURGXFLU VHxDOHV GH SUXHED HQ
FDGD XQR GH ORV HOHFWURGRV� VH FRPSUXHED TXH HO HOHPHQWR GHVFXELHUWR QR LQWHUILHUH FRQ
HO UHJLVWUR GH ODV VHxDOHV�

3RU WDQWR SRGHPRV FRQFOXLU TXH QR KD\ QLQJ~Q HOHPHQWR DFWLYR HQ VX FRQVWUXFFLyQ TXH
GLILFXOWH VX LQWHJUDFLyQ HQ VLVWHPDV GH DGTXLVLFLyQ GH GDWRV TXH QR VHDQ GH $EERW�

���� 9HULILFDFLyQ GH OD WDUMHWD GH DGTXLVLFLyQ GH GDWRV

/D WDUMHWD GH DGTXLVLFLyQ GH GDWRV XWLOL]DGD HV OD GHVDUUROODGD SRU HO JUXSR %,2�,7$&$
839� 6H WUDWD GH XQ VLVWHPD GH DGTXLVLFLyQ GH VHxDOHV HQ WLHPSR FX\R KDUGZDUH HVWi
EDVDGR HQ )3*$� PLFURFRQWURODGRU 670��) \ IURQW�HQG LQWHJUDGR �$'6����� 7H[DV ,QV�

�
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WUXPHQWV�� 9HDVH OD ILJXUD ���� $ FRQWLQXDFLyQ� VH PXHVWUD OD WDEOD GH FDUDFWHUtVWLFDV PiV
UHOHYDQWHV GH OD WDUMHWD� 7DEOD ���

3DUiPHWUR 9DORU

1~PHUR GH FDQDOHV � D ���
)UHFXHQFLD GH PXHVWUR �+]� ���� ����� ����� ����� ����� ������ �����
5HVROXFLyQ �ELWV� �� D ��

7DEOD ���� &DUDFWHUtVWLFDV GH OD WDUMHWD GH DGTXLVLFLyQ GH GDWRV >��@�

&RQ HO ILQ GH FRPSUREDU HO FRUUHFWR IXQFLRQDPLHQWR GHO GLVSRVLWLYR� VH KDFH XVR GH OD DSOL�
FDFLyQ %630�%LR,WDFD� GHVDUUROODGD SRU HO JUXSR LQGLFDGR DQWHULRUPHQWH� SDUD YLVXDOL]DU
ODV VHxDOHV FDUGLDFDV VLQWpWLFDV LQWURGXFLGDV PHGLDQWH HO JHQHUDGRU GH IXQFLRQHV�

POD-BPOD-A
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1

)LJXUD ���� 9LVWD IURQWDO GRQGH VH REVHUYD HO FRQH[LRQDGR GHO VLVWHPD GH DGTXLVLFLyQ GH
��� FDQDOHV GHVDUUROODGR HQ OD 839 FRPSXHVWR SRU � 32'V LQGHSHQGLHQWHV�

3XHGH YHUVH HQ OD )LJXUD � OD YLVXDOL]DFLyQ GH OD VHxDO FDUGLDFD VLQWpWLFD LQWURGXFLGD HQ
ORV FDQDOHV � \ � GH OD WDUMHWD� (O SURFHVR GH FRPSUREDFLyQ VH UHSLWH GH IRUPD DQiORJD HQ
ORV ��� FDQDOHV UHVWDQWHV� &RQ HVWR VH YDOLGD HO FRUUHFWR IXQFLRQDPLHQWR GHO GLVSRVLWLYR
TXH SHUPLWH HO UHJLVWUR GH ODV VHxDOHV� )LJXUD ���

���� ,QWHUID] HQWUH $GYLVRU� +' *ULG \ 6&6, ��

(O FDWpWHU GLVSRQH GH XQ FRQHFWRU SURSLHWDULR TXH QR HV FRPSDWLEOH FRQ HO FRQHFWRU GH
OD WDUMHWD GH DGTXLVLFLyQ SRU OR TXH HV QHFHVDULR UHDOL]DU XQD LQWHUID] GH FRQH[LyQ HQWUH

�
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)LJXUD ���� &DSWXUD GHO VRIWZDUH %630 %LR,7$&$ GRQGH VH DSUHFLD OD FDSWXUD GH ODV
VHxDOHV (&* VLQWpWLFDV LQWURGXFLGDV HQ HO FDWpWHU D WUDYpV GH � FDQDOHV VHOHFFLRQDGRV
DOHDWRULDPHQWH�

DPERV GLVSRVLWLYRV�

/D HPSUHVD $EERWW RIUHFH FRPR FRPSOHPHQWR HO FDEOH '�$96(�&%/�� TXH SHUPLWH OD
FRQH[LyQ HQWUH HO FDWpWHU \ HO VLVWHPD GH PDSHR FDUGLDFR� 'LFKR VLVWHPD WLHQH XQD WHU�
PLQDFLyQ WLSR 8QLYHUVDO *HQHULF ',1�3,1 � PP� (VWH WLSR GH WHUPLQDFLyQ SHUPLWH UHDOL]DU
XQ FRQHFWRU TXH KDJD GH LQWHUID] HQWUH DPERV� /D IDEULFDFLyQ GH OD LQWHUID] VH GHVFULEH
HQ HO DSDUDWDGR ����

/D )LJXUD ��� PXHVWUD ORV FRQHFWRUHV HQWUH ORV TXH GHEH UHDOL]DUVH OD DGDSWDFLyQ� 'HELGR
D TXH HO FDWpWHU VyOR GLVSRQH GH �� HOHFWURGRV HQ OD PDWUL] �[� \ � HOHFWURGRV HQ HO
FDEH]DO� VyOR VH XVDUiQ �� GH ORV ��� FDQDOHV GLVSRQLEOHV HQ OD WDUMHWD� (O UHVWR GH ORV
FDQDOHV VH FRQHFWDQ D WLHUUD�

(OHFWURGR '�$96(�&%/�� 6&6, ���+ &DQDO

$��$� ��� ��� ���
%��%� ��� ���� ���
&��&� ���� ����� ����
'��'� ����� ����� �����
6��6� ����� ����� �����

7DEOD ����&RUUHVSRQGHQFLD HQWUH ORV SLQHV GH ODV GLIHUHQWHV LQWHUIDFHV GH FRQH[LyQ� 3XH�
GH REVHUYDUVH OD FRUUHVSRQGHQFLD ILQDO HQWUH HO HOHFWURGR ItVLFR \ HO Q~PHUR GH FDQDO D
WUDYpV GHO FXDO VH SURGXFH OD YLVXDOL]DFLyQ HQ HO VRIWZDUH GH DGTXLVLFLyQ GH OD DFWLYLGDG
UHJLVWUDGD�

/D ��� GHWDOOD OD FRUUHVSRQGHQFLD HQWUH ORV HOHFWURGRV GHO FDWpWHU� ORV FRQHFWRUHV GHO FDEOH

�
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AdvisorTM HD Grid 22-Pin Sensor EnabledTM Diagnostic Cable SCSI 68-H

)LJXUD ���� ,QWHUID] GH FRQH[LyQ HQWUH HO FDWpWHU \ HO VLVWHPD GH DGTXLVLFLyQ� (Q OD SDUWH
L]TXLHUGD VH PXHVWUD XQD UHSUHVHQWDFLyQ GHO FRQHFWRU SURSLHWDULR� OD SDUWH FHQWUDO HO FR�
QH[LRQDGR RIUHFLGR SRU HO FDEOH GH GDLJQyVWLFR \ HQ OD SDUWH GHUHFKD HO FRQHFWRU 6&6,
���+�

'�$96(�&%/��� ORV SLQHV GHO 6&6, ���+ \ ORV FDQDOHV YLVXDOL]DGRV HQ HO VRIWZDUH %630�
%,2,7$&$�

���� 'LVHxR \ IDEULFDFLyQ GH SLH]DV �'

/D IDEULFDFLyQ GH SLH]DV �' HQ HO SURSLR ODERUDWRULR KD VLGR GHWHUPLQDQWH D OD KRUD GH
UHDOL]DU WHVWV SUHOLPLQDUHV \ SUXHEDV GH FRQFHSWR� GH HVWH PRGR HV SRVLEOH FRPSUREDU
OD YLDELOLGDG \ HO FRUUHFWR IXQFLRQDPLHQWR DQWHV GH RSWDU D OD LPSOHPHQWDFLyQ FRQ SLH]DV
FRPHUFLDOHV� /D FRQFHSFLyQ� GLVHxR \ IDEULFDFLyQ VH KDQ OOHYDGR D FDER D WUDYHV GHO
VRIWZDUH )XVLRQ ��� \ XQD LPSUHVRUD &UHDOW\ 5���

������ &RQHFWRU JHQpULFR XQLYHUVDO ',1 � PP

(V LPSUHVFLQGLEOH UHDOL]DU OD LQWHUID] GH FRQH[LyQ HQWUH HO FDEOH GH GLDJQyVWLFR GHO FDWpWHU
\ HO FRQYHUWLGRU DQDOyJLFR GLJLWDO� (Q ODV LPiJHQHV VH SXHGH DSUHFLDU D OD L]TXLHUGD HO
GLVHxR �' GHO FRQHFWRU \ D OD GHUHFKD HO PRQWDMH PHGLDQWH HO XVR GH ODV SLH]DV LPSUHVDV�
SHJDPHQWR WHUPRIXVLEOH \ WHUPR UHWUiFWLO�

�
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)LJXUD ���� 5HQGHU �' GHO FRQHFWRU GLVHxDGR DFRPSDxDGR GHO SURFHVR GH IDEULFDFLyQ \
FRQH[LRQDGR FRQ 6&6, ���+�

������ &DMD GH FRQH[LRQHV

8QD YH] FRQVWUXLGRV ORV FRQHFWRUHV VH UHDOL]D OD LPSUHVLyQ GH OD FDMD TXH FRQWHQGUi OD LQ�
WHUID] \ VH SURFHGH D VX PRQWDMH� (O LQWHULRU HVWi XQLGR PHGLDQWH SHJDPHQWR WHUPRIXVLEOH
SDUD SURSRUFLRQDU OD ULJLGH] QHFHVDULD D OD FDMD \ XQLU PHFiQLFDPHQWH ORV FRQHFWRUHV GL�
VHxDGRV� $GHPiV� HO SHJDPHQWR LPSLGH TXH DOJXQR GH ORV FRQHFWRUHV VH GHVSODFH KDFLD
DWUiV GXUDQWH HO SURFHVR GH FRQH[LyQ GHO FDWpWHU� 3XHGH YHUVH HO UHVXOWDGR GHO PRQWDMH
HQ OD ILJXUD ����

������ &iQXOD SDUD VLVWHPD /DQJHUGRII

(O SUR\HFWR WLHQH VX iPELWR GH DSOLFDFLyQ VREUH HO FRUD]yQ DLVODGR GH FRQHMR� SHUR FRQ OD
ILQDOLGDG GH DXPHQWDU HO DEDQLFR GH SRVLELOLGDGHV VH KD SODQWHDGR KDFHU HVWXGLRV SUHOL�
PLQDUHV HQ UDWD� SUHFLVDQGR HO GLVHxR GH QXHYDV FiQXODV GHELGR D TXH HO ODERUDWRULR GH
HOHFWURILVLRORJtD VyOR GLVSRQH GH FiQXODV SDUD FRUD]yQ GH FRQHMR�

��
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)LJXUD ���� 3URFHVR GH HVDPEODMH PHGLDQWH DGKHVLYR WHUPRSOiVWLFR SDUD RIUHFHU UHVLV�
WHQFLD PHFiQLFD D ODV DFFLRQHV GH FRQH[LRQDGR�GHVFRQH[LRQDGR UHSHWLWLYDV�

)LJXUD ���� 3URFHVR GH HVDPEODMH PHGLDQWH DGKHVLYR WHUPRSOiVWLFR SDUD RIUHFHU UHVLV�
WHQFLD PHFiQLFD D ODV DFFLRQHV GH FRQH[LRQDGR�GHVFRQH[LRQDGR UHSHWLWLYDV�

���� 9DOLGDFLyQ GHO VLVWHPD GH DGTXLVLFLyQ

/D YDOLGDFLyQ GHO VLVWHPD GH UHJLVWUR XQD YH] FRPSOHWDGR VH UHDOL]D HQ HO ODERUDWRULR GH
HOHFWURILVLRORJtD GH OD IDFXOWDG GHPHGLFLQD GH OD 8QLYHUVLWDW GH 9DOqQFLD� 'LFKR ODERUDWRULR
FXHQWD FRQ XQ VLVWHPD /DQJJHQGRUII TXH HVWi GLVHxDGR SDUD SHUIXQGLU FRUD]RQHV DLVODGRV
GH DQLPDOHV FRPR UDWD� FRQHMR R FHUGR GH PRGR TXH SURSRUFLRQD SUHVLyQ� WHPSHUDWXUD�
QXWULHQWHV \ R[tJHQR DO yUJDQR�

/DV ILJXUDV DGMXQWDV VH FRUUHVSRQGHQ FRQ HO VLVWHPD GH SHUIXVLyQ \ FRQ HO FDWpWHU DSR�
\DGR VREUH OD SDUHG HSLFiUGLFD GHO FRUD]yQ SDUD FRPSUREDU VL HO PRQWDMH FRPSOHWR HV
FDSD] GH UHJLVWUDU OD VHxDO GH PDQHUD FRUUHFWD� 7UDV OD SUXHED VH YDOLGD HO VLVWHPD \
VH FRQVWDWD TXH OD VHxDO UHJLVWUDGD HV FRUUHFWD FRPSDUDQGR HO UHJLVWUR REWHQLGR FRQ HO
YLVXDOL]DGR SRU HO HTXLSDPLHQWR GHO SURSLR ODERUDWRULR�

��
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)LJXUD ���� (Q OD SDUWH GHUHFKD VH HQFXHQWUD HO VLVWHPD GH SHUIXVLRQ /DQJJHQGRUII GHO
ODERUDWRULR GH HOHFWURILVLRORJtD GH OD 89� (Q OD SDUWH L]TXLHUGD VH HQFXHQWUD HO FRUD]yQ GH
UDWD FRQHFWDGR DO VLVWHPD FRQ OD FiQXOD GLVHxDGD� HO FDWpWHU \ XQ HVWLPXODGRU�

��
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6LVWHPD GH JHQHUDFLyQ GH
KHWHURJHQHLGDGHV

(VWH FDStWXOR GHVFULEH ORV SDVRV QHFHVDULRV SDUD GHVDUUROODU HO VLVWHPD GH JHQHUDFLyQ GH
KHWHURJHQHLGDGHV� 6H UHDOL]D OD LQWURGXFFLyQ D OD DQDORJtD HOHFWURWpUPLFD� OD WUDQVIHUHQFLD
GH FDORU \ ORV HIHFWRV WHUPRHOpFWULFRV PiV LQIOX\HQWHV HQ ODV FpOXODV GH 3HOWLHU� HOHPHQWR
HOHJLGR SDUD LQGXFLU ODV KHWHURJHQHLGDGHV HQ OD VXSHUILFLH HSLFiUGLFD� $GHPiV� VH UHDOL]D
HO PRGHODGR \ VLPXODFLyQ GH OD UHVSXHVWD GHO VLVWHPD PHGLDQWH 0$7/$% \ 6LPXOLQN�

���� $QDORJtD HOHFWURWpUPLFD

3DUD HQWHQGHU FRUUHFWDPHQWH ORV SULQFLSLRV GH OD WUDQVIHUHQFLD GH FDORU� ORV HIHFWRV HOHF�
WURWpUPLFRV \ ORV PRGHORV GHVDUUROODGRV� HV QHFHVDULR FRPSUHQGHU OD DQDORJtD HOHFWUR�
WpUPLFD� /D WDEOD ��� UHVXPH OD DQDORJtD HQWUH OD FRQGXFFLyQ WpUPLFD \ OD FRQGXFFLyQ
HOpFWULFD�

&RQGXFFLyQ WpUPLFD 8QLGDG &RQGXFFLyQ HOpFWULFD 8QLGDG

7HPSHUDWXUD �7� . 9ROWDMH �9� 9
&DORU �4� - &DUJD HOpFWULFD �T� &
)OXMR GH FDORU �Q̇ R 3� : )OXMR GH FRUULHQWH �,� $
5HVLVWHQFLD WpUPLFD �5� .�: 5HVLVWHQFLD HOpFWULFD �5� Ω
&DSDFLGDG WpUPLFD �&� -�. &DSDFLGDG HOpFWULFD )
&RQGXFWLYLGDG WpUPLFD �N� :�PÂ. &RQGXFWLYLGDG HOpFWULFD Ω−1Âm−1

7DEOD ���� $QDORJtD HOHFWURWpUPLFD GH ODV SURSLHGDGHV GH DPERV GRPLQLRV�

$ FRQWLQXDFLyQ� VH H[SOLFDQ FDGD XQD GH ODV YDULDEOHV LPSOLFDGDV�

7HPSHUDWXUD� 0HGLGD GH OD HQHUJtD FLQpWLFD GH ODV SDUWtFXODV� &XDQWR PiV DOWD HV
OD WHPSHUDWXUD� PD\RU HV HO PRYLPLHQWR GH ODV SDUWtFXODV >��@�

&DORU� (QHUJtD TXH VH WUDQVILHUH HQWUH REMHWRV FRQ WHPSHUDWXUDV GLIHUHQWHV >��@�

��
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)OXMR GH FDORU� 9HORFLGDG D OD TXH VH WUDQVILHUH HO FDORU HQWUH VLVWHPDV� HV GHFLU�
FDORU WUDQVIHULGR GH XQ VLVWHPD D RWUR SRU XQLGDG GH WLHPSR� >��� ��@

5HVLVWHQFLD WpUPLFD� ,QGLFD OD IDFLOLGDG GHO PDWHULDO SDUD RSRQHUVH DO IOXMR GHO FDORU
DO TXH HVWi VRPHWLGR�

&DSDFLGDG WpUPLFD� &DSDFLGDG GH XQ FXHUSR GH DFXPXODU FDORU >��@�

&RQGXFWLYLGDG WpUPLFD� 3URSLHGDG TXH PLGH OD FDSDFLGDG GH FRQGXFFLyQ HQ XQ
GHWHUPLQDGR PDWHULDO >��@�

������ /H\ GH )RXULHU� (FXDFLyQ GH FRQGXFFLyQ GH FDORU

/D WUDQVIHUHQFLD GH FDORU HV HO PHFDQLVPR TXH WUDQVSRUWD OD HQHUJtD GH XQ OXJDU D RWUR�
([LVWHQ WUHVPHFDQLVPRV SRVLEOHV� FRQGXFFLyQ� FRQYHFFLyQ \ UDGLDFLyQ� (Q HVWH WUDEDMR VH
H[SOLFDQ OD FRQGXFFLyQ \ OD FRQYHFFLyQ GHELGR D TXH VRQ ORV PHFDQLVPRV PiV UHOHYDQWHV
HQ HO GHVDUUROOR� /D UDGLDFLyQ WLHQH XQ LPSDFWR PtQLPR HQ ORV FiOFXORV \ QR HV QHFHVDULR
WHQHUOR HQ FXHQWD�

)LJXUD ���� &RQGXFFLyQ WpUPLFD�

/D OH\ GH )RXULHU GHVFULEH HVWH IHQyPHQR FRPR OD UHODFLyQ HQWUH HO JUDGLHQWH GH WHPSH�
UDWXUD \ OD UHVLVWHQFLD WpUPLFD GHO REMHWR VHJ~Q OD VLJXLHQWH HFXDFLyQ�

Pc = kÂA
L
Â∆T =

∆T

Rth
�����

������ &RQYHFFLyQ

/D WUDQVIHUHQFLD GH FDORU PHGLDQWH FRQYHFFLyQ HV HO PHFDQLVPR D WUDYpV GHO FXDO VH WUDQV�
SRUWD HO FDORU GHVGH XQD VXSHUILFLH D XQ IOXLGR� 'LFKD WUDQVIHUHQFLD VH GHEH DO PRYLPLHQWR
GHO SURSLR IOXLGR�

Pconv = hconvÂAÂ(Ts − Tfluido) �����

(O IOXMR GH FDORU HV SURSRUFLRQDO DO FRHILFLHQWH GH FRQYHFFLyQ �K�� HO iUHD GH OD VXSHUILFLH
�$� \ OD GLIHUHQFLD GH WHPSHUDWXUD HQWUH OD VXSHUILFLH \ HO DPELHQWH�

��
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���� (IHFWRV WHUPRHOpFWULFRV

(O HIHFWR WHUPRHOpFWULFR HV OD FRQYHUVLyQ GH OD GLIHUHQFLD GH WHPSHUDWXUD HQ WHQVLyQ HOpF�
WULFD \ YLFHYHUVD� (VWH HIHFWR SXHGH XWLOL]DUVH SDUD JHQHUDU HOHFWULFLGDG� PHGLU OD WHPSH�
UDWXUD R FDPELDU OD WHPSHUDWXUD GH ORV REMHWRV� 'DGR TXH OD GLUHFFLyQ GH FDOHQWDPLHQWR
\ HQIULDPLHQWR VH YH DIHFWDGD SRU OD WHQVLyQ DSOLFDGD� ORV GLVSRVLWLYRV WHUPRHOpFWULFRV
SXHGHQ XWLOL]DUVH FRPR FRQWURODGRUHV GH WHPSHUDWXUD�

/DV FpOXODV GH 3HOWLHU VRQ PyGXORV WHUPRHOpFWULFRV \ SDUD HQWHQGHU VX IXQFLRQDPLHQWR HV
QHFHVDULR FRQRFHU ORV IHQyPHQRV ItVLFRV TXH LQWHUYLHQHQ HQ VX IXQFLRQDPLHQWR� 6HHEHFN�
3HOWLHU� 7KRPVRQ \ -RXOH� 7RGRV HVWRV HIHFWRV VRQ UHYHUVLEOHV� H[FHSWR HO HIHFWR -RXOH�

������ (IHFWR 6HHEHFN

(O HIHFWR 6HHEHFN JHQHUD XQD GLIHUHQFLD GH SRWHQFLDO FXDQGR VH SURGXFH XQ JUDGLHQWH
GH WHPSHUDWXUD HQWUH � PHWDOHV XQLGRV HQWUH Vt� (O SRWHQFLDO HOpFWULFR JHQHUDGR HV SUR�
SRUFLRQDO D OD GLIHUHQFLD GH WHPSHUDWXUD HQWUH ORV H[WUHPRV FDOLHQWH \ IUtR >��� ��� ��@�

)LJXUD ���� (IHFWR 6HHEHFN�

'LFKD SURSRUFLRQDOLGDG YLHQH GHWHUPLQDGD SRU OD FRQVWDQWH GH 6HHEHFN �α� TXH GHSHQGH
GH ORV PDWHULDOHV XWLOL]DGRV �XQLyQ� \ GH OD WHPSHUDWXUD� 6H H[SUHVD HQ 9�. >��@�

(O YROWDMH JHQHUDGR YLHQH GDGR SRU�

Vth =

∫ Tc

Tf

αAB(T )ÂδT =

∫ Tc

Tf

(αB(T )− αA(T ))ÂδT �����

&XDQGR OD GLIHUHQFLD GH WHPSHUDWXUD HV PX\ SHTXHxD VH SXHGH DVXPLU TXH HO FRHILFLHQWH
GH SURSRUFLRQDOLGDG HV FRQVWDQWH GH PRGR TXH�

Vth = (αB − αA)Â(Tc − Tf) = αABÂ∆T �����

��
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������ (IHFWR 3HOWLHU

(O HIHFWR 3HOWLHU HV LQYHUVR DO HIHFWR 6HHEHFN� HV GHFLU� TXH DO DSOLFDU XQD GLIHUHQFLD GH
SRWHQFLDO HQWUH � PHWDOHV XQLGRV HQWUH Vt VH SURGXFH XQ JUDGLHQWH GH WHPSHUDWXUD� /D
SRODULGDG GH OD FRUULHQWH GHELGD DO YROWDMH DSOLFDGR GHWHUPLQD TXH H[WUHPR DEVRUEH R
GHVSUHQGH FDORU�

)LJXUD ���� (IHFWR 3HOWLHU�

(O IOXMR GH FDORU �3� JHQHUDGR R DEVRUELGR SRU HO HIHFWR 3HOWLHU UHSUHVHQWD HO FDORU WUDQV�
IHULGR SRU XQLGDG GH WLHPSR H[SUHVDGR HQ YDWLRV �:�� 'LFKD SRWHQFLD YLHQH GHWHUPLQDGD
SRU HO PDWHULDO \ OD FRUULHQWH HOpFWULFD TXH OR DWUDYLHVD GH OD VLJXLHQWH PDQHUD�

PP = ΠABÂI = (ΠB −ΠA)ÂI �����

6LHQGR ΠA \ ΠB HO FRHILFLHQWH GH 3HOWLHU GH FDGD XQR GH ORV PDWHULDOHV \ ΠAB HO FRHIL�
FLHQWH GH 3HOWLHU GH OD XQLyQ H[SUHVDGR HQ YROWLRV �9� >��@�

������ (IHFWR 7KRPVRQ

(O HIHFWR 7KRPVRQ GHVFULEH FRPR XQ FRQGXFWRU KRPRJpQHR FX\RV H[WUHPRV VH HQFXHQ�
WUDQ D WHPSHUDWXUDV GLIHUHQWHV \ VRPHWLGR D XQD FRUULHQWH LQWHUQD� JHQHUD R DEVRUEH FDORU�
(O IOXMR GH FDORU HV SURSRUFLRQDO DO IOXMR GH FRUULHQWH \ DO JUDGLHQWH GH WHPSHUDWXUD D OR
ODUJR GHO FRQGXFWRU� (O IDFWRU GH SURSRUFLRQDOLGDG Ĳ �FRHILFLHQWH GH 7KRPVRQ� VH H[SUHVD
HQ :�$Â. >��� ��@�

δQ

δx
= τ ÂIÂδT

δx
�����

������ (IHFWR -RXOH

(O HIHFWR -RXOH GHVFULEH OD JHQHUDFLyQ GH FDORU FRPR FRQVHFXHQFLD GH TXH IOX\D XQD
FRUULHQWH HOpFWULFD D WUDYpV GH XQ PDWHULDO FRQGXFWRU >��@�

/RV HOHFWURQHV DYDQ]DQ GH IRUPD FDyWLFD D WUDYpV GHO FRQGXFWRU FKRFDQGR HQ VX WUD\HF�
WRULD FRQ ORV iWRPRV KDFLHQGR TXH HVWRV YLEUHQ� 'HELGR D HVWH SURFHVR� VH SURGXFH XQD

��
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)LJXUD ���� (IHFWR -RXOH�

SpUGLGD GH HQHUJtD FLQpWLFD HQ ORV HOHFWURQHV TXH VH WUDGXFH HQ FDORU >��@� 3XHGH YHUVH
HO HIHFWR HQ OD ILJXUD ���

(O FDOHQWDPLHQWR TXH VH SURGXFH HV SURSRUFLRQDO D OD UHVLVWHQFLD GHO FRQGXFWRU \ D OD
FRUULHQWH TXH OR DWUDYLHVD� WDO \ FRPR VH GHVFULEH HQ OD VLJXLHQWH HFXDFLyQ�

PJ = V ÂI = ReÂIÂI = I2ÂRe �����

���� &pOXODV GH 3HOWLHU

/RV JHQHUDGRUHV WHUPRHOpFWULFRV �7(*� HVWiQ IRUPDGRV SRU GRV SODFDV GH VXVWUDWR FHUi�
PLFR �Al2O3� TXH DFW~DQ FRPR FRQGXFWRU WpUPLFR \ FRPR DLVODQWH HOpFWULFR� (QWUH GLFKDV
SODFDV KD\ VHPLFRQGXFWRUHV GH WHOXUR�ELVPXWR GRSDGRV GH WLSR 3 \ WLSR 1� FRQHFWDGRV
HQWUH Vt XWLOL]DQGR FREUH� /D FRQH[LyQ VH UHDOL]D GH IRUPD TXH ORV VHPLFRQGXFWRUHV HVWpQ
FRQHFWDGRV HOpFWULFDPHQWH HQ VHULH \ WpUPLFDPHQWH HQ SDUDOHOR >��� ��@�

6X IXQFLRQDPLHQWR HVWi GHWHUPLQDGR SRU HO HIHFWR 3HOWLHU� HV GHFLU� VH JHQHUD XQD GLIHUHQ�
FLD GH WHPSHUDWXUD PHGLDQWH OD WUDQVIHUHQFLD GH FDORU HQWUH GRV XQLRQHV HOpFWULFDV� 3DUD
HOOR HV QHFHVDULR DSOLFDU XQD WHQVLyQ D WUDYpV GH ORV FRQGXFWRUHV SDUD TXH VH JHQHUH XQ
IOXMR HOpFWULFR >��� ��@�

/RV PyGXORV 7(* SUHVHQWDQ JUDQGHV YHQWDMDV TXH ORV FRQYLHUWHQ HQ XQD JUDQ RSFLyQ D
OD KRUD GH XWLOL]DUORV HQ ORV GLVHxRV DFWXDOHV� 1R WLHQHQ SLH]DV PyYLOHV FRQYLUWLpQGRORV
HQ FRPSRQHQWHV PX\ ILDEOHV� VRQ HVFDODEOHV FRPSDFWRV \ SHUPLWHQ XQ FRQWURO VHQFLOOR
GH ODV YDULDFLRQHV GH WHPSHUDWXUD PHGLDQWH HO FRQWURO GH YROWDMH R OD FRUULHQWH�

([LVWHQ XQD VHULH GH SDUiPHWURV TXH KD\ TXH WHQHU HQ FXHQWD D OD KRUD GH VHOHFFLRQDU HO
GLVSRVLWLYR \ VRQ ORV VLJXLHQWHV >��@�

9� 9ROWDMH GH HQWUDGD DO PyGXOR�

,� &RUULHQWH GH HQWUDGD DO PyGXOR

Q̇max � $EVRUFLyQ GH FDORU Pi[LPD HQ OD FDUD IUtD�

∆Tmax� 0i[LPD GLIHUHQFLD GH WHPSHUDWXUD HQWUH OD FDUD IUtD \ FDOLHQWH�

��
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Interfaz cobre-Al2O3

Interconexión de cobre
Interfaz cobre-soldadura
Soldadura
Interfaz soldadura-Bi2Te3

Sustrato cerámico (Al2O3)

Semiconductor 
tipo P (Bi2Te3)

Semiconductor 
tipo N (Bi2Te3)

Calor expulsado

Calor absorbido

+
V

I

)LJXUD ���� &pOXOD GH 3HOWLHU�

���� 6HOHFFLyQ GH KDUGZDUH SDUD HO HQIULDPLHQWR VHOHFWLYR

3DUD UHDOL]DU HO HQIULDPLHQWR VHOHFWLYR GHO VXVWUDWR HV FRQYHQLHQWH XWLOL]DU XQ GLVSRVLWL�
YR TXH VHD SHTXHxR� FRPSDWLEOH FRQ HO $GYLVRU� +' *ULG� QR WHQJD SLH]DV PyYLOHV \
VHD IiFLOPHQWH FRQWURODEOH YDULDQGR VXV QLYHOHV GH WHQVLyQ R FRUULHQWH� 3RU HOOR� SDUD HO
GHVDUUROOR� ODV FpOXODV GH 3HOWLHU VRQ SHUIHFWDV SDUD HVWD DSOLFDFLyQ�

'HELGR D OD GLVWDQFLD TXH H[LVWH HQWUH ORV HOHFWURGRV GHO FDWpWHU �� PP� OD FpOXOD GH 3HOWLHU
&3�������� GH &8, 'HYLFHV HV SHUIHFWD JUDFLDV D TXH SHUPLWH XQD GLIHUHQFLD GH WHPSH�
UDWXUD HQWUH VXV FDUDV GH KDVWD ���& \ VXV PHGLGDV HQ OD FDUD IUtD ���� [ ��� PP� VRQ
FRPSDWLEOHV FRQ HO FDWpWHU� (VWR SHUPLWH OD LQFOXVLyQ GHO VLVWHPD GH HQIULDPLHQWR HQWUH ODV
FROXPQDV GH HOHFWURGRV WDO \ FRPR SXHGH YHUVH HQ OD ILJXUD ����

+D\ TXH WHQHU HQ FXHQWD TXH HV QHFHVDULR UHIULJHUDU OD FDUD FDOLHQWH GH OD FpOXOD GH 3HOWLHU
SDUD HYLWDU TXH VH SURGX]FD XQD VDWXUDFLyQ GH OD WHPSHUDWXUD HQ OD FDUD IUtD \ VH SXHGD
H[SXOVDU WRGR HO FDORU QHFHVDULR� 3DUD HOOR VH KDFH XVR GH OD UHIULJHUDFLyQ OtTXLGD +\�
GUXV 9� TXH SHUPLWH PDQWHQHU OD FDUD FDOLHQWH GH OD &8, &3�������� D XQD WHPSHUDWXUD
FRQVWDQWH GH ���& DSUR[LPDGDPHQWH�

���� 0RGHODGR GH OD FpOXOD GH 3HOWLHU

/D PRGHOL]DFLyQ GHO FRPSRUWDPLHQWR GHO PyGXOR WHUPRHOpFWULFR HV GH YLWDO LPSRUWDQFLD
SDUD WHQHU XQD HVWLPDFLyQ GH OD UHVSXHVWD TXH WHQGUi HO VLVWHPD GH JHQHUDFLyQ GH KHWH�
URJHQHLGDGHV \ WHQHU FRQVWDQFLD GH OD YLDELOLGDG GHO PLVPR�

��
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)LJXUD ���� ,QWHJUDFLyQ GHO FDWpWHU HQ HO VLVWHPD GH UHIULJHUDFLyQ� 6H REVHUYD OD PDWUL]
IRUPDGDV SRU FHOXODV GH 3HOWLHU �&8, &3��������� \ HO HOHPHQWR UHIULJHUDGRU �+\GUXV
9���

3DUiPHWUR 9DORU

Vmax ��� 9
Imax ��� $
5 ���� Ω
Q̇max ��� :
∆Tmax �� �&

7DEOD ���� &DUDFWHUtVWLFDV WHUPRHOpFWULFDV GHO PyGXOR VHOHFFLRQDGR�

������ (FXDFLRQHV \ HVWDGR HVWDFLRQDULR

/RV HIHFWRV WHUPRHOpFWULFRV GHVFULWRV HQ HO DSDUWDGR ��� VRQ HVHQFLDOHV SDUD HO FRUUHFWR
PRGHODGR GH OD FpOXOD GH 3HOWLHU� 1R LQIOX\HQ WRGRV SRU LJXDO� SRU HOOR� GHELGR DO UDQJR
GH WHPSHUDWXUDV FRQ HO TXH VH UHDOL]D HO SUR\HFWR ����& D ����&� HO HIHFWR 7KRPVRQ HV
GHVSUHFLDEOH�

(O HIHFWR 7KRPVRQ UHODFLRQD HO HIHFWR 6HHEHFN \ 3HOWLHU D WUDYpV GH OD SRWHQFLD HOpFWULFD
DSOLFDGD DO PDWHULDO GH IRUPD TXH HO IOXMR GH FDORU� 6XVWLWX\HQGR � ��� � HQ OD HFXDFLyQ GH
OD SRWHQFLD HOpFWULFD VH REWLHQH HO IOXMR GH FDORU GHELGR DO HIHFWR 6HHEHFN�

Ps = V ÂI = αABÂ∆T ÂI �����

,JXDODQGR OD H[SUHVLyQ � ��� � FRQ OD HFXDFLyQ GHO IOXMR GH FDORU GHELGR DO HIHFWR 3HOWLHU �
��� � VH REWLHQH OD UHODFLyQ EXVFDGD�

ΠAB = αABÂ∆T �����

$KRUD HV SRVLEOH H[SUHVDU HO IOXMR GH FDORU HQ DPEDV FDUDV GH OD FpOXOD GH 3HOWLHU TXH SHU�

��
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PLWH HVWDEOHFHU HO FLUFXLWR HOpFWULFR HTXLYDOHQWH TXH PRGHOH VX FRPSRUWDPLHQWR WpUPLFR�

Pp = αABÂ∆T ÂI = αABÂTcÂI − αABÂTf ÂI ������

6LHQGR HO IOXMR DEVRUELGR \ FHGLGR SRU OD FpOXOD GHELGR DO HIHFWR 3HOWLHU�

Ppc = αABÂTcÂI ������

Ppf = αABÂTf ÂI ������

8QD YH] REWHQLGDV ODV HFXDFLRQHV GHO HIHFWR 3HOWLHU \ FRQVLGHUDQGR TXH ODV SpUGLGDV
JHQHUDGDV SRU HO HIHFWR -RXOH VH UHSDUWHQ SRU LJXDO HQ FDGD XQD GH ODV FDUDV� VH SURSRQH
HO PRGHOR WpUPLFR GH OD ILJXUD ��� GH DFXHUGR FRQ OD DQDORJtD HOHFWURWpUPLFD HVSHFLILFDGD
HQ HO DSDUWDGR ���� &DEH GHVWDFDU TXH HO HIHFWR GH FRQGXFFLyQ HQWUH DPEDV FDUDV QR
VH WLHQH HQ FXHQWD HQ HO PRGHOR GH OD ILJXUD GHELGR D TXH� DO FDOFXODU HO IOXMR QHWR� GLFKR
HIHFWR VH DQXOD�

7F Rth 7I

PJ
2 PPc

PJ
2PPf

)LJXUD ���� 0RGHOR WpUPLFR�

3DUD VLPSOLILFDU HO PRGHODGR� VH VXPDQ ORV HIHFWRV GH ODV IXHQWHV GHSHQGLHQWHV GH DPERV
ODGRV SDUD� SRVWHULRUPHQWH� DSOLFDU HO HTXLYDOHQWH GH 1RUWRQ \ H[SUHVDU HO PRGHOR HQ
IXQFLyQ GH OD SRWHQFLD HOpFWULFD GH HQWUDGD \ HO IOXMR GH FDORU DEVRUELGR SRU OD FDUD IUtD GH
OD FpOXOD�

8QD GH ODV IRUPDV GH GHWHUPLQDU HO HTXLYDOHQWH GH 1RUWRQ HV FDOFXODU OD FRUULHQWH GH
FRUWRFLUFXLWR ISC \ HO YROWDMH GH FLUFXLWR DELHUWR VOC � 3DUD FDOFXODU VOC KD\ TXH REWHQHU
OD H[SUHVLyQ GHO YROWDMH HQWUH ORV WHUPLQDOHV Tc \ Tf

VOC = [PPc − PPf ]ÂRth = [αABÂTcÂI + I2ÂRe

2
− αABÂTf ÂI + I2ÂRe

2
]ÂRth ������

VOC = [αABÂ∆T ÂI + I2ÂRe]ÂRth ������

/D FRUULHQWH GH 1RUWRQ HV DTXHOOD TXH VH JHQHUD DO FRUWRFLUFXLWDU ORV WHUPLQDOHV Tc \ Tf �
'H HVWH HO FLUFXLWR VH VLPSOLILFD \ VLPSOHPHQWH KD\ TXH VXPDU ODV IXHQWHV GH FRUULHQWH
REWHQLHQGR�

��
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7F Rth 7I

PPc +
PJ
2 PPf − PJ

2

)LJXUD ���� 0RGHOR WpUPLFR VLPSOLILFDGR�

IN = ISC = PPc − PPf = αABÂ∆T ÂI + I2ÂRe ������

$SOLFDQGR OD OH\ GH RKP�

RN =
VOC

ISC
=

[αABÂ∆T ÂI + I2ÂRe]ÂRth

αABÂ∆T ÂI + I2ÂRe
= Rth ������

/D UHVLVWHQFLD GH1RUWRQ FRLQFLGH SRU WDQWR FRQ OD UHVLVWHQFLD WpUPLFD TXH KD\ HQWUH DPEDV
SODFDV GH OD FpOXOD GH 3HOWLHU�

7HQLHQGR HQ FXHQWD HO SULPHU SULQFLSLR GH OD WHUPRGLQiPLFD� VH GHWHUPLQD TXH OD SRWHQFLD
HOpFWULFD HV LJXDO D OD GLIHUHQFLD GH IOXMRV GH FDORU HQWUH OD FDUD IUtD \ FDOLHQWH� HV GHFLU�
HQWUH OD DEVRUFLyQ \ GLVLSDFLyQ >��� ��@�

Pe = PPc − PPf = αABÂ∆T ÂI + I2ÂRe ������

5HHVFULELHQGR OD HFXDFLyQ�

PPc = Pe + PPf = Pe + αABÂTf ÂI − I2ÂRe

2
− ∆T

Rth
������

$O WHQHU HO HTXLYDOHQWH SRGHPRV GLYLGLU OD IXHQWH GH FRUULHQWH HQ GRV� GH IRUPD TXH XQD
UHSUHVHQWH OD SRWHQFLD HOpFWULFD GH HQWUDGD \ RWUD HO IOXMR GH FDORU DEVRUELGR HQ OD FDUD
IUtD�

(O FRPSRUWDPLHQWR HOpFWULFR GH OD FpOXOD SXHGH PRGHODUVH FRPR XQD IXHQWH GH WHQVLyQ
GHSHQGLHQWH GH OD WHPSHUDWXUD GH ODV FDUDV GHO PyGXOR \ OD UHVLVWHQFLD HOpFWULFD TXH
LQIOX\H HQ HO HIHFWR -RXOH� 6XVWLWX\HQGR OD SRWHQFLD HOpFWULFD SRU HO SURGXFWR GH YROWDMH \
FRUULHQWH�

Pe = V ÂI = αABÂ∆T ÂI + I2ÂRe ������

��
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V = αABÂ∆T + IÂRe = Vth + IÂRe ������

3RU WDQWR� OD WHQVLyQ GH HQWUDGD YLHQH GHWHUPLQDGD SRU HO YROWDMH SURGXFLGR SRU HO HIHFWR
6HHEHFN� OD FRUULHQWH \ OD UHVLVWHQFLD HOpFWULFD GHO 7(*�

Pe
PPf

7F Rth 7I

Re

−
+

Vth

Iin
+

−

Vin

)LJXUD ���� &LUFXLWR HTXLYDOHQWH SDUD HO PRGHOR WpUPLFR�

(O FLUFXLWR HTXLYDOHQWH SURSXHVWR PRGHOD ~QLFDPHQWH HO HVWDGR HVWDFLRQDULR GHO PyGXOR
WHUPRHOpFWULFR� /RV PDWHULDOHV GH OD FpOXOD GH 3HOWLHU WLHQHQ FLHUWD LQHUFLD WpUPLFD TXH VH
SXHGH PRGHODU D SDUWLU GHO FDORU HVSHFLILFR \ OD PDVD SDUD REWHQHU OD FDSDFLGDG WpUPLFD�
$O WHQHU HQ FXHQWD OD FDSDFLGDG WpUPLFD VH DSRUWD H[DFWLWXG D ODV VLPXODFLRQHV \ SHUPLWH
YHU OD HYROXFLyQ WHPSRUDO GHO VLVWHPD� HV GHFLU� HO HVWDGR WUDQVLWRULR�

������ (VWDGR WUDQVLWRULR

/D LQHUFLD WpUPLFD GHO PyGXOR VH YH LQIOXHQFLDGD SRU OD FDSDFLGDG WpUPLFD GHO VXVWUDWR
FHUiPLFR GH DPEDV FDUDV \ SRU ORV HOHPHQWRV VHPLFRQGXFWRUHV� 6HJ~Q OD OLWHUDWXUD >��@�
HO FDORU HVSHFtILFR GH ORV PDWHULDOHV HV GHSHQGLHQWH GH OD WHPSHUDWXUD D OD TXH HVWiQ
H[SXHVWRV \ SRU HOOR VH FDUDFWHUL]DQ SDUD XQ UDQJR GH WHPSHUDWXUDV TXH YD GH ��� .
D ��� . PHGLDQWH XQ DMXVWH SROLQyPLFR� (O SROLQRPLR SDUD HO VXVWUDWR FHUiPLFR HV GH
JUDGR � \ HO GH ORV HOHPHQWRV VHPLFRQGXFWRUHV GH JUDGR � WDO \ FRPR VH SXHGH YHU HQ
ODV H[SUHVLRQHV�

CAl2O3 = [aÂT 6 + bÂT 5 + cÂT 4 + dÂT 3 + eÂT 2 + f ÂT + g]Âh ������

CBi2Te3 = [aÂT + b]Âh ������

/D WDEOD ��� FRQWLHQH ORV FRHILFLHQWHV GH ORV SROLQRPLRV GH FDGD XQR GH ORV PDWHULDOHV�

(VWH SUR\HFWR QR QHFHVLWD DSOLFDU XQ UDQJR GH WHPSHUDWXUDV WDQ DPSOLR SRU OR TXH VH UH�
GXFH OD DSOLFDFLyQ GH ODV IyUPXODV DO UDQJR GH ������ . D ������ . SDUD REWHQHU HO FDORU

��
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&RHILFLHQWH Al2O3 Bi2Te3

D 3, 41262Â10−13 5, 7445Â10−2

E −8, 12754Â10−10 137, 47
F 7, 75161Â10−7 �
G −3, 71047Â10−4 �
H 8, 73298Â10−2 �
I −5, 82914 �
J 1, 28614Â102 �
K 1 1

7DEOD ���� &RHILFLHQWHV GH ORV SROLQRPLRV >��@�

HVSHFLILFR PHGLR GH ORV PDWHULDOHV� 3DUD HO VXVWUDWR FHUiPLFR VH REWLHQH XQ FDORU HVSH�
FtILFR GH CAl2O3  �������� J Âkg−1ÂK−1 \ SDUD HO HOHPHQWR VHPLFRQGXFWRU GH CBi2Te3  
�������� J Âkg−1ÂK−1

$ WUDYpV GH ODV HVSHFLILFDFLRQHV GH OD KRMD WpFQLFD GHO GLVSRVLWLYR VH FDOFXOD HO YROXPHQ
GHO VXVWUDWR \ GHO VHPLFRQGXFWRU� 0XOWLSOLFDQGR HO YROXPHQ SRU OD GHQVLGDG GHO PDWHULDO
VH REWLHQH OD PDVD� )LQDOPHQWH� HO SURGXFWR GH OD PDVD FRQ HO FDORU HVSHFtILFR VH FDOFXOD
XQD FDSDFLGDG WpUPLFD GH ������ J ÂK−1 SDUD OD FDUD FDOLHQWH� ������ J ÂK−1 SDUD OD FDUD
IUtD \ ������ J ÂK−1 SDUD HO HOHPHQWR VHPLFRQGXFWRU�

$ FRQWLQXDFLyQ� VH PXHVWUD HO FLUFXLWR FRPSOHWR� WHQLHQGR HQ FXHQWD HO HIHFWR GH OD FDSD�
FLGDG WpUPLFD GH FDGD HOHPHQWR TXH IRUPD OD FpOXOD GH 3HOWLHU�

Cc Cf

Pe
PPf

7F Rth 7I

Re

−
+

Vth

Iin
+

−

Vin

)LJXUD ����� &LUFXLWR HTXLYDOHQWH FRPSOHWR�

������ 6LPXODFLyQ HQ 0$7/$%�6LPXOLQN

8QD YH] GHVDUUROODGR HO PRGHOR GH OD FpOXOD GH 3HOWLHU VH KDFH XVR GH 0$7/$% \ 6LPXOLQN
SDUD HVWLPDU HO FRPSRUWDPLHQWR GHO VLVWHPD HQWHUR� 8QD IRUPD VHQFLOOD GH FRPSUREDU TXH
OD VLPXODFLyQ VH FRUUHVSRQGH FRQ OD UHDOLGDG HV VLPXODU OD UHVSXHVWD GH XQD FpOXOD GH
3HOWLHU FRQ OD FDUD FDOLHQWH VREUH OD UHIULJHUDFLyQ OtTXLGD \ OD FDUD IUtD DEVRUELHQGR FDORU

��
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GHO DPELHQWH SRU FRQYHFFLyQ�

6LPXOLQN HV HO HQWRUQR GH0$7/$% TXH SHUPLWH PRGHODU PHGLDQWH GLDJUDPD GH EORTXHV HO
FRPSRUWDPLHQWR GH ORV GLIHUHQWHV VLVWHPDV \ HVWXGLDU VX HYROXFLyQ D OR ODUJR GHO WLHPSR�

)LJXUD ����� &LUFXLWR GH 6LPXOLQN TXH UHSURGXFH HO FRPSRUWDPLHQWR GHVFULWR HQ HO PRGH�
ODGR GH OD FpOXOD GH 3HOWLHU�

/D ILJXUD ���� PXHVWUD HO DVSHFWR GHO GLDJUDPD GH EORTXHV LQWURGXFLGR HQ 6LPXOLQN \ TXH
UHSUHVHQWD DO PyGXOR WHUPRHOpFWULFR� 8QD YH] UHDOL]DGR HO GLDJUDPD� VH FUHD XQ VXEFLU�
FXLWR SRGHU YDULDU ODV FRQGLFLRQHV HQ ODV TXH VH HQFXHQWUDQ DPEDV FDUDV� (O PRGHODGR
GHO HQWRUQR GH OD FDUD FDOLHQWH FRQVLVWH HQ XQD IXHQWH GH FDORU GH ���& HQ VHULH FRQ OD
UHVLVWHQFLD WpUPLFD GHO FREUH GH OD UHIULJHUDFLyQ \ FRQ OD FDSDFLGDG FDORUtILFD GHO PLVPR�

)LJXUD ����� 0RGHODGR GHO HQWRUQR GH OD FpOXOD GH 3HOWLHU�

(Q FXDQWR DO HQWRUQR GH OD FDUD IUtD� VH PRGHOD PHGLDQWH OD FDSDFLGDG FDORUtILFD GHO DLUH
GHO ODERUDWRULR HQ HO TXH VH UHDOL]DUiQ ODV SUXHEDV� OD UHVLVWHQFLD GH FRQYHFFLyQ DO DP�
ELHQWH GH OD DO~PLQD �Al2O3� TXH IRUPD OD FDUD IUtD GH OD FpOXOD \ XQD IXHQWH GH FDORU GH
���&�

/D VLPXODFLyQ LQGLFD TXH FRQ OD WHQVLyQ GH HQWUDGD DSOLFDGD ����� 9� HV SRVLEOH DOFDQ]DU
ORV ���& HQ OD VXSHUILFLH GH OD FDUD IUtD GHO PyGXOR WHUPRHOpFWULFR HQ � PLQXWR DSUR[LPD�

��
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)LJXUD ����� 6LPXODFLyQ WpUPLFD GHO VLVWHPD

GDPHQWH� 3DUD FRPSUREDU HO PRGHOR VH UHDOL]D HO PRQWDMH GHO VLVWHPD GH UHIULJHUDFLyQ \
OD FDUDFWHUL]DFLyQ GH OD FpOXOD GH 3HOWLHU HQ ORV VLJXLHQWHV DSDUWDGRV�

������ 0RQWDMH GHO VLVWHPD VREUH OD UHIULJHUDFLyQ

(O PRQWDMH GHO PyGXOR VH UHDOL]D XWLOL]DQGR SDVWD WpUPLFD DGKHVLYD GH DOWD FRQGXFWLYLGDG
WpUPLFD SDUD ILMDU FDGD XQD GH ODV FpOXODV GH 3HOWLHU D OD UHIULJHUDFLyQ OLTXLGD \ PDQWHQHU OD
FDUD FDOLHQWH D WHPSHUDWXUD FRQVWDQWH� &RQ HO ILQ GH HYLWDU FRUWRFLUFXLWRV HQWUH ORV FDEOHV
GH ORV GLVSRVLWLYRV� VH DSOLFD XQ EDUQL] DLVODQWH HQ IRUPD GH DHURVRO D FDGD XQR GH HOORV�

(V QHFHVDULR TXH HO SURFHVR GH FXUDGR GXUH ��K RPiV SDUD DVHJXUDU XQD EXHQD DGKHUHQ�
FLD GH ODV FpOXODV D OD VXSHUILFLH GH OD UHIULJHUDFLyQ� /D ILJXUD ���� PXHVWUD OD FRQJHODFLyQ
GHO DPELHQWH GH XQD GH ODV FpOXODV DFWLYDV� GHPRVWUDQGR VX FRUUHFWR IXQFLRQDPLHQWR \ OD
DXVHQFLD GH FRUWRFLUFXLWRV�

������ &DUDFWHUL]DFLyQ GHO PyGXOR WHUPRHOpFWULFR

/D PHGLFLyQ GH OD WHPSHUDWXUD HQ OD VXSHUILFLH GH GHO GLVSRVLWLYR VH UHDOL]D PHGLDQWH
XQ GLYLVRU UHVLVWLYR IRUPDGR SRU XQD UHVLVWHQFLD ILMD \ XQD 37���� �UHVLVWHQFLD YDULDEOH
GHSHQGLHQWH GH OD WHPSHUDWXUD� FRQHFWDGR D OD HQWUDGD DQDOyJLFD GH XQ $UXGLQR 0HJD�

6H KD GHVDUUROODGR XQ VFULSW SDUD TXH $UGXLQR SURFHVH ORV GDWRV SURYHQLHQWHV GHO FRQ�
YHUVRU DQDOyJLFR�GLJLWDO \ ORV WUDQVPLWD SRU HO SXHUWR VHULH� 3DUD YLVXDOL]DU ORV GDWRV HQ
WLHPSR UHDO \ JXDUGDU XQ UHJLVWUR VH KD GHVDUUROODGR XQD DSOLFDFLyQ FRQ LQWHUID] JUiILFD
FRQ 0$7/$% $SS 'HVLJQHU TXH SHUPLWD VXSHUSRQHU HO UHJLVWUR FRQ OD VLPXODFLyQ UHDOL]D�
GD HQ HO DSDUWDGR DQWHULRU�

/D UHVLVWHQFLD WHUPRGLQiPLFD GH SODWLQR �37����� VH FRORFD HQ OD VXSHUILFLH GH OD FDUD
IUtD FRQ XQD FDSD GH SDVWD WpUPLFD GH DOWD FRQGXFWLYLGDG SDUD TXH OD PHGLGD VHD OR PiV

��
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)LJXUD ����� (Q HO ODGR GHUHFKR VH REVHUYD HO PRQWDMH LQGLYLGXDO GH FDGD XQD GH ODV
FpOXODV GH 3HOWLHU VREUH OD ERPED GH UHIULJHUDFLyQ \ VX DOLQHDFLyQ PHGLDQWH XQD SODQWLOOD
SOiVWLFD LPSUHVD HQ �'� (Q HO ODGR L]TXLHUGR SXHGH YHUVH HO PRQWDMH FRPSOHWR HQ IXQFLR�
QDPLHQWR FRQ XQD SHJDWLQD DGHVKLYD SDUD SURWHJHU ORV HOHPHQWRV GHO PRQWDMH�

SUHFLVD SRVLEOH�

(Q OD ILJXUD ���� VH YH OD VXSHUSRVLFLyQ GH ORV GDWRV UHJLVWUDGRV \ OD VLPXODFLyQ GHO FRP�
SRUWDPLHQWR WpUPLFR GHO GLVSRVLWLYR� /RV GDWRV UHDOHV VH DMXVWDQ PX\ ELHQ DO PRGHOR UHD�
OL]DGR HQ 6LPXOLQN \ VX HUURU DEVROXWR Pi[LPR HV GH ��& HQ HO HVWDGR WUDQVLWRULR� ([LVWHQ
SHTXHxDV YDULDFLRQHV GH XQ JUDGR &HOVLXV HQ HO HVWDGR HVWDFLRQDULR GHELGR D SHTXHxRV
FDPELRV HQ OD PHGLGD SHUR� HQ GHILQLWLYD� SXHGH DSUHFLDUVH XQ HUURU SUiFWLFDPHQWH QXOR
HQ OD WHPSHUDWXUD ILQDO�

/RV UHVXOWDGRV REWHQLGRV FRQILUPDQ TXH HO PRGHODGR GH FpOXOD WHUPRHOpFWULFD HV WRWDO�
PHQWH YiOLGR SDUD HVWLPDU VX FRPSRUWDPLHQWR HQ HO HQIULDPLHQWR GH OD VXSHUILFLH HSLFiU�
GLFD GHO FRUD]yQ�

������ 6LPXODFLyQ GHO HQIULDPLHQWR GH OD VXSHUILFLH HSLFiUGLFD

$VXPLHQGR TXH HO iUHD HSLFiUGLFD TXH TXHUHPRV HQIULDU WLHQH HO PLVPR WDPDxR TXH OD
FpOXOD GH 3HOWLHU \ TXH HO HVSHVRU GH HO WHMLGR HV � PP SDUD HO PLRFDUGLR \ ��� PP SDUD
HO HSLFDUGLR� VH SXHGH PRGHODU HO HQWRUQR GH IRUPD DQiORJD D OD ILJXUD ���� VLJXLHQGR HO
HVTXHPD GH OD ILJXUD ����� (O HQGRFDUGLR QR VH WLHQH HQ FXHQWD HQ ORV FiOFXORV GHELGR
D OD IDOWD GH SDUiPHWURV \ VX HVSHVRU� /RV SDUiPHWURV WpUPLFRV GHO WHMLGR VRQ ORV TXH VH
PXHVWUDQ HQ OD ����

(V LPSRUWDQWH GHVWDFDU TXH HO WHMLGR FDUGLDFR HVWi YDVFXODUL]DGR \ VH SURGXFH XQD LUUL�
JDFLyQ FRQVWDQWH GH 7\URGH D �� �& KDVWD HO PLRFDUGLR� SRU HOOR GHSHQGLHQGR GH OD ]RQD

��
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)LJXUD ����� 6LVWHPD GH UHIULJHUDFLyQ FRQ XQD GH ODV FpOXODV GH 3HOWLHU HQFHQGLGDV FRQ�
JHODQGR OD FRQGHQVDFLyQ DPELHQWH�

TXH VH SUHWHQGD HQIULDU� ORV UHVXOWDGRV UHDOHV SXHGHQ WHQHU XQD GHVYLDFLyQ LPSRUWDQWH�
(Q OD VLPXODFLyQ QR VH WLHQH HQ FXHQWD OD YDVFXODUL]DFLyQ FDUGLDFD�

7HMLGR 'HQVLGDG � ρ � &DORU HVSHFtILFR �F� &RQGXFWLYLGDG WpUPLFD �N�

(SLFDUGLR ��� NJ�P� ���� -�NJÂ. ����� :�PÂN
0LRFDUGLR ���� NJ�P� ���� -�NJÂ. ������ :�PÂ.

7DEOD ���� 3DUiPHWURV WpUPLFRV GHO WHMLGR FDUGLDFR >��� ��@�

&RQ OD ILQDOLGDG GH HVWLPDU OD WHQVLyQ TXH VH GHEH DSOLFDU SDUD FRQVHJXLU HO GHVFHQVR GH
OD WHPSHUDWXUD HSLFiUGLFD� VH UHDOL]D XQ EDUULGR SDUDPpWULFR GHO YROWDMH GH HQWUDGD GH OD
FpOXOD GH 3HOWLHU�

/D ILJXUD ���� SHUPLWH FRPSUREDU TXH� D PD\RU WHQVLyQ� PD\RU HQIULDPLHQWR VH SURGXFH�
/D FpOXOD GH 3HOWLHU HV FDSD] GH HQIULDU OD VXSHUILFLH HSLFiUGLFD D ��& DSUR[LPDGDPHQWH
DSOLFiQGROH XQ YROWDMH GH ����9� $ SHVDU GH TXH OD KRMD GH GDWRV GHO GLVSRVLWLYR LQGLFD TXH
OD WHQVLyQ Pi[LPD DSOLFDEOH HV ��� 9� VH KD FRPSUREDGR HQ HO ODERUDWRULR TXH HV SRVLEOH
VXPLQLVWUDU XQ YROWDMH GH ���� 9 GH IRUPD VHJXUD�

6H UHSUHVHQWDQ ODV FXUYDV GH WHPSHUDWXUD HQ OD VXSHUILFLH \ D OD PLWDG GHO HVSHVRU FRQVL�

��
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)LJXUD ����� ,QWHUID] GH XVXDULR GHVDUUROODGD PHGLDQWH 0$7/$% $SS 'HVLJQHU SDUD YL�
VXDOL]DU OD WHPSHUDWXUD GH OD VXSHUILFLH GH OD FpOXOD GH 3HOWLHU PHGLDQWH HO XVR GH XQD
37���� \ H[SRUWDU ORV GDWRV SDUD VX WUDWDPLHQWR�

GHUDGR SDUD HO HSLFDUGLR� 3XHGH YHUVH TXH� FRQ OD Pi[LPD WHQVLyQ DSOLFDGD� VH FRQVLJXH
GLVPLQXLU OD WHPSHUDWXUD D ���& D ��� PP GH OD VXSHUILFLH�

(VWR GD XQD HVWLPDFLyQ GH OR TXH VH SXHGH REWHQHU HQ XQ HQWRUQR UHDO� GXUDQWH HO GHVD�
UUROOR GHO SUR\HFWR QR KD VLGR SRVLEOH FRPSUREDU HO IXQFLRQDPLHQWR HQ HO ODERUDWRULR�

7DPELpQ VH KD UHDOL]DGR XQD VLPXODFLyQ SDUDPpWULFD YDULDQGR HO YROWDMH \ UHSUHVHQWDQGR
OD WHPSHUDWXUD GHO 7(* HQ IXQFLyQ GH OD WHPSHUDWXUD GH OD VXSHUILFLH HSLFiUGLFD� 'H HVWD
IRUPD VH SXHGH YHU GH PDQHUD VHQFLOOD OD WHPSHUDWXUD DOFDQ]DEOH HQ IXQFLyQ GHO YROWDMH
DSOLFDGR \ OD UHVSXHVWD GHO PyGXOR WHUPRHOpFWULFR� 3XHGH YHUVH HQ OD JUiILFD GH OD ILJXUD
�����

��



���� 02'(/$'2 '( /$ &e/8/$ '( 3(/7,(5

)LJXUD ����� 7HPSHUDWXUD VLPXODGD YV 7HPSHUDWXUD UHDO�

TINTERNA
Endocardio

Miocardio

Epicardio
Cara fría

Cara caliente

Refrigeración

Semiconductor

TEND

TMIO

TEPI
TCF

TCC

TREF

TINTERNA

TEND

TMIO

TEPI

TCF

TCC

TREF

)LJXUD ����� 0RGHOR WpUPLFR FDUGLDFR SDUD HO HQIULDPLHQWR�

��
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)LJXUD ����� 6LPXODFLyQ SDUDPpWULFD GH OD WHPSHUDWXUD HSLFiUGLFD�

)LJXUD ����� 6LPXODFLyQ SDUDPpWULFD GH OD WHPSHUDWXUD HSLFiUGLFD�

��



&DStWXOR �

6LVWHPD GH FRQWURO

(O GLVSRVLWLYR GH HQIULDPLHQWR GLVHxDGR HQ HO DSDUWDGR DQWHULRU UHTXLHUH GH XQ PyGXOR
GH FRQWURO TXH SHUPLWD YDULDU OD WHPSHUDWXUD GH FDGD XQR GH ORV PyGXORV WHUPRHOpFWULFRV
TXH OR FRPSRQHQ GH IRUPD LQGHSHQGLHQWH� 3DUD HO GLVHxR GHO PyGXOR VH KDQ XWLOL]DGR
KHUUDPLHQWDV FRPR /76SLFH� $OWLXP 'HVLJQHU \ ([FHO�

���� 5HJXODGRU OLQHDO LT� ����

/DV FpOXODV GH 3HOWLHU VH FRQWURODQ PHGLDQWH OD YDULDFLyQ GH YROWDMH DSOLFDGR HQ VXV ERU�
QHV� VLHQGR VX UDQJR GH � 9 D ��� 9� (O LT� ���� HV XQ UHJXODGRU OLQHDO GH EDMD FDtGD
GH ��� $ GLVHxDGR SDUD DSOLFDFLRQHV LQGXVWULDOHV UREXVWDV� /DV SULQFLSDOHV FDUDFWHUtVWLFDV
VRQ HO FRQWURO GH OD FRUULHQWH GH VDOLGD� HO FRQWURO GH OD WHPSHUDWXUD \ HO OtPLWH GH FRUULHQWH
SURJUDPDEOH�

)LJXUD ���� (VTXHPD GHO UHJXODGRU GH WHQVLyQ /7���� >��@

/D IXHQWH GH FRUULHQWH GH UHIHUHQFLD GH ��ȝ$ GHO /7���� SHUPLWH TXH XQD VROD UHVLVWHQFLD
SURJUDPH OD WHQVLyQ GH VDOLGD D FXDOTXLHU QLYHO HQWUH � \ ����9� /D DUTXLWHFWXUD GH UHIH�
UHQFLD GH FRUULHQWH KDFH TXH OD UHJXODFLyQ GH OD FDUJD VHD LQGHSHQGLHQWH GH OD WHQVLyQ
GH VDOLGD� (O /7���� HV HVWDEOH FRQ R VLQ FRQGHQVDGRUHV GH HQWUDGD \ VDOLGD� $GHPiV�

��
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XQD ~QLFD UHVLVWHQFLD SURJUDPD HO OtPLWH GH FRUULHQWH�

(O IDEULFDQWH UHFRPLHQGD ORV YDORUHV HVSHFLILFDGRV HQ OD WDEOD ��� SDUD ORV FRQGHQVDGRUHV
CIN � CSET \ COUT �

&RQGHQVDGRU 9DORU

CIN �� µF
CSET ��� S)
COUT �� µF

7DEOD ���� 9DORUHV GH FDSDFLWDQFLD UHFRPHQGDGRV SRU HO IDEULFDQWH�

������ ����� /LPLWDFLyQ GH FRUULHQWH

8QD UHVLVWHQFLD FRORFDGD HQWUH ILIM \ 287 HQ HO /7���� DMXVWD H[WHUQDPHQWH HO
OtPLWH GH FRUULHQWH D XQ QLYHO LQIHULRU DO OtPLWH GH FRUULHQWH LQWHUQR� 3DUD REWHQHU XQD PD\RU
SUHFLVLyQ� HO IDEULFDQWH UHFRPLHQGD FRQHFWDU OD UHVLVWHQFLD GH OLPLWDFLyQ GLUHFWDPHQWH D
ORV SLQHV� (O YDORU GH HVWD UHVLVWHQFLD VH FDOFXOD FRPR�

RILIM =
ILIM
360mA

kΩ

+ 460Ω �����

(Q HVWH FDVR� VH HVWDEOHFH OD FRUULHQWH OtPLWH HQ ��� $ SDUD TXH� VL HV QHFHVDULR� VH
SXHGD VXPLQLVWUDU PiV YROWDMH D OD FDUJD YDULDQGR OD UHVLVWHQFLD RSET � &RQ GLFKR OtPLWH
GH FRUULHQWH� OD UHVLVWHQFLD GH OLPLWDFLyQ QRUPDOL]DGD PiV FHUFDQD HV VH FRUUHVSRQGH FRQ
OD GH ��� N Ω�

������ 6LPXODFLyQ HQ /76SLFH

/76SLFH FRQWLHQH HQ VXV OLEUHUtDV HO PRGHOR GH VLPXODFLyQ GHO LQWHJUDGR TXH IRUPD SDUWH
GHO VLVWHPD GH FRQWURO� SRU HOOR HV OD KHUUDPLHQWD LGyQHD SDUD VLPXODU VX FRPSRUWDPLHQWR
DQWH ODV YDULDFLRQHV GH OD UHVLVWHQFLD GH DMXVWH \ OD UHVLVWHQFLD GH OLPLWDFLyQ GH FRUULHQWH�

/DV UHVLVWHQFLDV 5� \ 5� GH OD ILJXUD ��� VH FRUUHVSRQGHQ FRQ OD UHVLVWHQFLD GH DMXVWH
GHO YROWDMH GH VDOLGD \ OD UHVLVWHQFLD GH OLPLWDFLyQ UHVSHFWLYDPHQWH� 3XHGH YHUVH HQ HO
UHVXOWDGR GH OD VLPXODFLyQ TXH� DMXVWDQGR 5� D �� N Ω� VH FRQVLJXH XQ YROWDMH GH VDOLGD
GH ��� 9 \ XQD FRUULHQWH Pi[LPD GH ���� $�

���� 0RGHOR GH VLPXODFLyQ WpUPLFD GH OD 3&%

7UDV OD FRPSUREDFLyQ GHO FLUFXLWR SURSXHVWR� VH SURFHGH D OD UHDOL]DFLyQ GH OD SODFD GH
FLUFXLWR LPSUHVR �3&%� \ SDUD HOOR HV GH YLWDO LPSRUWDQFLD UHDOL]DU XQD VLPXODFLyQ WpUPLFD
TXH DVHJXUH TXH ORV FLUFXLWRV LQWHJUDGRV YDQ D WUDEDMDU GHQWUR GHO UDQJR SDUD HO FXDO KDQ
VLGR GLVHxDGRV�

��
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)LJXUD ���� (VTXHPD GHO UHJXODGRU GH WHQVLyQ /7���� >��@

)LJXUD ���� &RPSRUWDPLHQWR GHO FLUFXLWR SURSXHVWR� 5HVXOWDGR GH OD VLPXODFLyQ FRQ ORV
YDORUHV GH FDSDFLWDQFLD UHFRPHQGDGRV SRU HO IDEULFDQWH \ FRQ OD UHVLVWHQFLD GH OLPLWDFLyQ
GH FRUULHQWH FDOFXODGD�

(O FLUFXLWR SURSXHVWR HQ OD ILJXUD ���� GHEH UHSOLFDUVH � YHFHV SDUD FRQWURODU FDGD XQR GH
ORV PyGXORV WHUPRHOpFWULFRV SUHVHQWHV HQ HO VLVWHPD�

(O PRGHOR GH VLPXODFLyQ �' TXH VH SURSRQH FRQVLGHUD WDQWR OD FRQGXFFLyQ HQWUH FHOGDV�
HV GHFLU� OD WUDQVIHUHQFLD GH FDORU D WUDYpV GHO FREUH� FRPR OD FRQYHFFLyQ� OD FXDO WLHQH HQ
FXHQWD OD WUDQVIHUHQFLD GH FDORU D WUDYpV GH XQ IOXLGR �DLUH HQ HVWH FDVR��

������ 'HVFULSFLyQ GHO PRGHOR

(O PRGHOR FRQVLVWH HQ KDFHU XVR GH ODV FHOGDV GH OD KRMD GH FiOFXOR FRQ HO ILQ GH GLVFUHWL]DU
OD VXSHUILFLH GH OD 3&%� &DGD XQD GH ODV FHOGDV HVWi UHSUHVHQWDGD SRU XQ DOWR \ XQ DQFKR
�∆x� ∆y� HVSHFtILFRV HQ FDGD XQD GH ODV GLUHFFLRQHV� &DEH GHVWDFDU TXH FXDQWR PD\RU
VHD HO Q~PHUR GH FHOGDV� PD\RU VHUi OD SUHFLVLyQ GH OD VLPXODFLyQ�

��
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)LJXUD ���� 7UDQVIHUHQFLD GH FDORU HQWUH FHOGDV�

3DUD HQWHQGHU HO SODQWHDPLHQWR� VH FRQVLGHUDQ GRV FHOGDV FXDGUDGDV HQ ODV TXH VH SXHGH
PRGHODU OD FRQGXFFLyQ ODWHUDO GH FDORU� HV GHFLU� VH SXHGHPRGHODU OD UHVLVWHQFLD FRQ OD TXH
VH HQFXHQWUD HO IOXMR GH FDORU HQWUH ODV GRV FHOGDV GHELGR D OD GLIHUHQFLD GH WHPSHUDWXUD�
(Q IXQFLyQ GH OD SRVLFLyQ GH OD FHOGD� SXHGHQ GDUVH WUHV FDVRV� FHOGDV LQWHUQDV� FHOGDV
HQ ORV ERUGHV \ FHOGDV HQ ODV HVTXLQDV�

7DO \ FRPR VH KD LQGLFDGR DQWHULRUPHQWH� KD\ TXH UHDOL]DU HO EDODQFH WpUPLFR HQWUH ODV
FHOGDV VDELHQGR TXH HO IOXMR GH FDORU HQWUDQWH GHEH VHU LJXDO DO IOXMR GH FDORU VDOLHQWH�

6H WLHQH HQ FXHQWD OD FRQGXFFLyQ ODWHUDO GH FDORU GHVGH ODV FHOGDV DG\DFHQWHV� OD FRQYHF�
FLyQ DO DPELHQWH \ HO IOXMR GH FDORU JHQHUDGR HQ OD FHOGD HQ FDVR GH TXH KD\D XQ FLUFXLWR
LQWHJUDGR VREUH HOOD� (Q FDVR GH QR KDEHU ,& VREUH XQD FHOGD VH FRQVLGHUD TXH HO IOXMR
GH FDORU HV � \ HQ FDVR FRQWUDULR VH WLHQH HQ FXHQWD OD SRWHQFLD GLVLSDGD SRU HO LQWHJUDGR
HQWUH HO Q~PHUR GH FHOGDV TXH RFXSD�

)LJXUD ���� 0RGHOR GH WUDQVIHUHQFLD GH FDORU SDUD FHOGDV LQWHUQDV�

3ODQWHDQGR OD HFXDFLyQ \ GHVSHMDQGR T0� VH REWLHQH OD H[SUHVLyQ TXH SHUPLWH FDOFXODU OD
WHPSHUDWXUD GH OD FHOGD� (O SDUDOHOR GH ODV UHVLVWHQFLDV GH FRQGXFFLyQ FRQ OD UHVLVWHQFLD
GH FRQYHFFLyQ HV OR TXH VH GHQRPLQD FRHILFLHQWH GH FHOGD� 3DUD HO UHVWR GH ORV FDVRV OD
WHPSHUDWXUD GH OD FHOGD VH UHVXHOYH GH IRUPD DQiORJD�

��
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(T1 − T0) + (T2 − T0) + (T3 − T0) + (T4 − T0)

Rc
+

TA − T0

Rconv
+ P = 0 �����

T0 =
RconvÂRc

4ÂRconv +Rc
Â[T1 + T2 + T3 + T4

Rc
+

TA

Rconv
+ P ] �����

)LJXUD ���� 0RGHOR GH WUDQVIHUHQFLD GH FDORU SDUD FHOGDV HQ ORV ERUGHV�

������ 3DUiPHWURV GHO PRGHOR

/D IDEULFDFLyQ VH UHDOL]D VREUH XQD 3&% GH GREOH FDSD \ FRQ XQRV SODQRV GH FREUH GH
�� ȝP� GH ORV FXDOHV VyOR XQR GH HOORV HV FRQWLQXR� *1'� 'HVFRQRFHPRV HO FRHILFLHQWH
GH FRQYHFFLyQ �hc� GH OD SODFD� SHUR WHQLHQGR HQ FXHQWD RWURV SURGXFWRV HOHFWUyQLFRV
VLPLODUHV� SRGHPRV DVXPLU XQ FRHILFLHQWH GH XQRV ��W/m2K� $VXPLUHPRV WDPELpQ XQD
WHPSHUDWXUD GH WUDEDMR GH �� �&�

6H SXHGH REVHUYDU HO UHVXPHQ GH ORV SDUiPHWURV HVHQFLDOHV HQ OD WDEOD ���

3DUiPHWURV 9DORU

&RQGXFWLYLGDG GHO FREUH ��� :�PÂ.
(VSHVRU GHO FREUH �*1'� �� µm
Rcond ����� .�:
Rconv ��������� .�:
&RHILFLHQWH GH FRQYHFFLyQ hc �� W/m2ÂK
7HPSHUDWXUD DPELHQWH �7$� �� �&

7DEOD ���� &RQGLFLRQHV LQFLDOHV GHO PRGHOR SDUD LQLFLDU OD VLPXODFLyQ WpUPLFD GH OD 3&%�

7DPELpQ HV QHFHVDULR FRQRFHU OD SRWHQFLD GLVLSDGD \ ODV GLPHQVLRQHV GHO FLUFXLWR LQWH�
JUDGR SUHVHQWH HQ HO VLVWHPD �PDUFDGRV HQ QDUDQMD HQ OD ILJXUD ����� 3DUD REWHQHU HVWRV

��
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GDWRV GHEHPRV PLUDU OD KRMD GH GDWRV SURSRUFLRQDGD SRU HO IDEULFDQWH� /D WDEOD ��� PXHV�
WUD ORV SDUiPHWURV XVDGRV SDUD OD SRVWHULRU VLPXODFLyQ� 6H DVXPH HO FDVR HQ HO TXH HO
GLVSRVLWLYR GLVLSD OD Pi[LPD SRWHQFLD�

,& 7DPDxR 3RWHQFLD GLVLSDGD

/7���� �� [ �� PP � :

7DEOD ���� 'LPHQVLRQHV \ SRWHQFLD GLVLSDGD SRU ORV FLUFXLWRV LQWHJUDGRV �,&V��

/D GLVSRVLFLyQ SURSXHVWD RUJDQL]D ORV LQWHJUDGRV SRU URRPV \ GLIHUHQFLD SRU FRORUHV ORV
WLSRV GH FRPSRQHQWHV SUHVHQWHV� (Q D]XO ORV FRQHFWRUHV� DPDULOOR SDUD ODV URRPV� YHUGH
SDUD ORV FRPSRQHQWHV SDVLYRV \ QDUDQMD SDUD ORV LQWHJUDGRV� 3XHGHQ YHUVH HQ HO ODWHUDO
L]TXLHUGR ORV FRQHFWRUHV GH DOLPHQWDFLyQ GH OD SODFD �JULV \ URMR��

)LJXUD ���� 'LVSRVLFLyQ SURSXHVWD GH ORV FRPSRQHQWHV VREUH OD 3&%�

������ 6LPXODFLyQ WpUPLFD GHO GLVHxR SURSXHVWR

3DUD UHDOL]DU OD VLPXODFLyQ DVXPLPRV XQ WDPDxR GH UHMLOOD GH �[� mm2� *HQHUDPRV XQD
PDWUL] GH �� FHOGDV KRUL]RQWDOHV \ �� FHOGDV YHUWLFDOHV FRQ XQ WDPDxR DSUR[LPDGR GH OD
3&% GH ��� [ ��� mm2� 8QD YH] TXH WHQHPRV OD PDWUL] JHQHUDGD� D SDUWLU GH ORV GDWRV
GH OD 7DEOD � \ GH OD 7DEOD � FDOFXODPRV ORV FRHILFLHQWHV GH ODV FHOGDV LQWHUQDV� GH ODV
FHOGDV GH ORV ERUGHV \ GH ODV FHOGDV GH ODV HVTXLQDV� 7DPELpQ HV QHFHVDULR FRQRFHU OD
UHODFLyQ HQWUH OD WHPSHUDWXUD DPELHQWH \ OD UHVLVWHQFLD GH FRQYHFFLyQ DO DPELHQWH

$SOLFDQGR OD FRQGLFLyQ GH HTXLOLEULR D FDGD XQD GH ODV FHOGDV GHO PRGHOR \ DSOLFDQGR
XQ PDSD GH FRORU VH REWLHQH HO UHVXOWDGR PRVWUDGR HQ OD ILJXUD ���� 7DO \ FRPR VH KD
LQGLFDGR� VH VXSRQH HO SHRU FDVR GH WRGRV� HV GHFLU� WRGRV ORV UHJXODGRUHV GH WHQVLyQ
HVWiQ HQ IXQFLRQDPLHQWR D OD YH] GLVLSDQGR OD Pi[LPD SRWHQFLD�

��
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)LJXUD ���� 5HVXOWDGR GH OD VLPXODFLyQ WpUPLFD GHO GLVHxR SURSXHVWR�

6H SXHGHQ REVHUYDU YDULRV SXQWRV FDOLHQWHV FRUUHVSRQGLHQWHV D ODV ]RQDV VREUH ODV TXH
VH SRVDQ ORV /7����� /D 3&% WLHQH SXQWRV TXH OOHJDQ D ORV ����& \ VH FRQFHQWUD HQ OD
SDUWH VXSHULRU� (VWR GHMD YHU TXH WDO YH] XQD PHMRU GLVSRVLFLyQ GH ORV LQWHJUDGRV GHVGH
HO SXQWR GH YLVWD WpUPLFR D\XGDUtD D GLVWULEXLU HO FDORU GH IRUPD PiV XQLIRUPH D OR ODUJR
GH OD 3&% \ HYLWDUtD OD GLVSDULGDG GH WHPSHUDWXUD HQWUH OD ]RQD GH ORV FRQHFWRUHV FRQ
UHVSHFWR D ORV LQWHJUDGRV� (O IDEULFDQWH LQGLFD TXH OD UHVLVWHQFLD WpUPLFD HQWUH OD EDVH \
OD XQLyQ HV GH � �&�: GH IRUPD TXH OD WHPSHUDWXUD DOFDQ]DGD HQ OD XQLyQ VHUi�

TJ = TPCB + PTOTALÂθJC = 120C + 2W Â3 C

W
= 126C �����

/RV ��� �& TXH DOFDQ]DUtD OD XQLyQ VXSHUDQ ORV ����& TXH VRSRUWD HO HPSDTXHWDGR ��
/($'3/$67,& '' HVSHFLILFDGR SRU OD GRFXPHQWDFLyQ WpFQLFD GHO ,&� SRU OR TXH HO GLVHxR
VHUtD LQYLDEOH HQ FDVR GH TXH WRGRV ORV LQWHJUDGRV HQWUDVHQ HQ IXQFLRQDPLHQWR DO PLVPR
WLHPSR \ GLVLSDQGR OD Pi[LPD SRWHQFLD� (V QHFHVDULR HYDOXDU RWUDV RSFLRQHV GHVGH HO
SXQWR GH YLVWD WpUPLFR�

������ 6LPXODFLyQ WpUPLFD GHO GLVHxR PRGLILFDGR

7DO \ FRPR VH DYDQ]DED HQ HO DSDUWDGR DQWHULRU� XQD PHMRU GLVWULEXFLyQ GH ORV FRPSRQHQ�
WHV SXHGH PDUFDU OD GLIHUHQFLD HQWUH TXH HO GLVHxR VHD YiOLGR R SRU HO FRQWUDULR LQYLDEOH
GHVGH HO SXQWR GH YLVWD WpUPLFR�

/D QXHYD GLVWULEXFLyQ FRQVLVWH HQ FRORFDU ORV SRWHQFLyPHWURV HQ HO H[WUHPR GH OD SODFD

��
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)LJXUD ���� SURSXHVWD GH GLVHxR FRQ GLVWULEXFLyQ PHMRUDGD�

\ GHMDU XQ PD\RU HVSDFLR HQWUH ORV LQWHJUDGRV� (O UHVXOWDGR SXHGH YHUVH HQ OD ILJXUD
����� GRQGH OD WHPSHUDWXUD Pi[LPD HV ����&� HV GHFLU� FRQ XQD VLPSOH UHXELFDFLyQ GH
FRPSRQHQWHV VH UHGXFH OD WHPSHUDWXUD ��&�

$SOLFDQGR OD HFXDFLyQ ��� FRQ OD QXHYD WHPSHUDWXUD Pi[LPD GH OD 3&%� VH REWLHQH XQD
WHPSHUDWXUD HQ OD XQLyQ GH ����&� 3RU WDQWR� FRQ XQD VLPSOH UHGLVWULEXFLyQ VH KD ORJUDGR
QR VXSHUDU ODV OLPLWDFLRQHV WpUPLFDV HVSHFLILFDGDV SRU HO IDEULFDQWH�

������ 6LPXODFLyQ WpUPLFD GHO GLVHxR FRQ GLVLSDGRUHV

(V SRVLEOH PHMRUDU HO GLVHxR LQFOX\HQGR GLVLSDGRUHV VREUH ORV LQWHJUDGRV� HV VHQFLOOR \
SURSRUFLRQD EXHQRV UHVXOWDGRV� /RV GLVLSDGRUHV DXPHQWDQ OD VXSHUILFLH GH ORV LQWHJUDGRV
DO DLUH UHGXFLHQGR VX WHPSHUDWXUD DO PHMRUDU OD WUDQVIHUHQFLD GH FDORU DO DLUH DPELHQWH�
3HUR GHEH WHQHUVH HQ FXHQWD TXH� DO DxDGLU GLVLSDGRUHV� OD UHVLVWHQFLD GH FRQYHFFLyQ DO
DPELHQWH VH YHUi PRGLILFDGD�

0LUDQGR OD GLVSRVLFLyQ GHO FLUFXLWR LQWHJUDGR \ HO GLVLSDGRU WpUPLFR� SXHGHQ YHUVH YDULDV
LQWHUIDFHV WpUPLFDV� /D SULPHUD VH HQFXHQWUD HQWUH OD XQLyQ GHO ,& \ VX HQFDSVXODGR� GHV�
SXpV OD XQLyQ HQWUH HO ,& \ HO GLVLSDGRU VH UHDOL]D PHGLDQWH XQ PDWHULDO GH LQWHUID] WpUPLFD
�7,0� TXH VXHOH VHU SDVWD R FLQWD WpUPLFD SDUD FRQGXFWLYLGDG WpUPLFD HQWUH DPERV \� SRU
~OWLPR� HQWUH HO GLVLSDGRU \ HO DPELHQWH� 3DUD FDOFXODU OD QXHYD UHVLVWHQFLD GH FRQYHFFLyQ
VH VLJXH HO PRGHOR SURSXHVWR HQ OD ILJXUD �����

'HVSUHFLDQGR HO HIHFWR GH OD SDVWD WpUPLFD� XQD YH] REWHQLGD OD UHVLVWHQFLD WpUPLFD GHO
FRQMXQWR VH GHEH PXOWLSOLFDU SRU HO Q~PHUR GH FHOGDV TXH RFXSD HO LQWHJUDGR HQ H[FHO� GH
HVWH PRGR VH FDOFXOD OD QXHYD UHVLVWHQFLD GH FRQYHFFLyQ DO DPELHQWH GH ODV FHOGDV TXH
WLHQHQ HO GLVLSDGRU�

6H SURSRQH DxDGLU � GLVLSDGRUHV HQ OD SODFD SDUD ORV FLUFXLWRV LQWHJUDGRV� (O PRGHOR GH

��
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)LJXUD ����� 5HVXOWDGR GH OD VLPXODFLyQ WpUPLFD FRQ GLVWULEXFLyQ PHMRUDGD�

GLVLSDGRU HOHJLGR HV HO ������%�����* ��� [ �� PP� GH $$9,'�

6H KDQ HOHJLGR XQ GLVLSDGRU GHO WLSR 3LQ�)LQ GHELGR D TXH GHVFRQRFHPRV OD GLUHFFLyQ
GHO IOXMR QDWXUDO GHO DLUH \ QRV DVHJXUDPRV GH TXH HO IOXMR GH FRQYHFFLyQ KDJD VX WUDEDMR
HQ FXDOTXLHU VLWXDFLyQ� 0LUDQGR OD KRMD GH GDWRV GHO GLVLSDGRU REWHQHPRV VX UHVLVWHQFLD
WpUPLFD TXH HQ HVWH FDVR HV ���� .�: >��@�

,& 'LVLSDGRU RTH 'LVLSDGRU θJC RTHTotal Rconv

/7���� ������%�����* ���� .�: � .�: ���� .�: ���� .�:

7DEOD ���� 3DUiPHWURV GH ODV FHOGDV FRQ GLVLSDGRU��

&RQ ORV GDWRV GH OD WDEOD ��� VH DFWXDOL]DQ ORV FRHILFLHQWHV GH FHOGD LQWHUQRV VREUH ORV
TXH VH KD SXHVWR XQ GLVLSDGRU� GH HVWD IRUPD SXHGH VLPXODUVH HO HIHFWR VREUH ORV FLUFXLWRV
LQWHJUDGRV�

(O UHVXOWDGR GH OD VLPXODFLyQ VH SXHGH YHU HQ OD ILJXUD ���� \ DUURMD UHVXOWDGRV LQWHUHVDQ�
WHV� 6yOR DxDGLHQGR ORV GLVLSDGRUHV OD WHPSHUDWXUD Pi[LPD GH OD 3&% VH UHGXFH D ���&�
HV GHFLU� VH KD UHGXFLGR OD WHPSHUDWXUD XQRV ���& FRQ UHVSHFWR D OD SURSXHVWD RULJLQDO�
&RQ HVWH GLVHxR OD WHPSHUDWXUD D OR ODUJR GH OD 3&% HV PiV XQLIRUPH� VREUH WRGR HQ ORV
ERUGHV�

7HQLHQGR HQ FXHQWD HVWRV GDWRV� OD WHPSHUDWXUD GH OD XQLyQ GHO UHJXODGRU GH WHQVLyQ
DOFDQ]DUi OD VLJXLHQWH WHPSHUDWXUD�

7RGDYtD HV SRVLEOH PHMRUDU HO FRPSRUWDPLHQWR WpUPLFR GH OD 3&% PHGLDQWH HO XVR GH OD

��



&$3Ë78/2 �� 6,67(0$ '( &21752/

)LJXUD ����� 0RGHOR GHO GLVLSDGRU�

)LJXUD ����� 'LVLSDGRU ������%�����*�

FRQYHFFLyQ IRU]DGD� SHUR GDGR HO iPELWR GH DSOLFDFLyQ GH HVWH SUR\HFWR� QR HV QHFHVDULR
VX XWLOL]DFLyQ�

TJ = TPCB + PTOTALÂθJC = 87C + 2W Â3 C

W
= 93C �����

(Q FRQFOXVLyQ� \ WHQLHQGR HQ FXHQWD TXH HO FDVR H[SOLFDGR HQ HO DSDUWDGR ����� FRQWHPSOD
HO FDVR PiV H[LJHQWH �HO FXDO HV SUiFWLFDPHQWH LPSRVLEOH TXH VH Gp GXUDQWH ODV SUXHEDV�
\ VX FRPSRUWDPLHQWR HVWi GHQWUR GH ODV HVSHFLILFDFLRQHV� VH WRPD OD GHFLVLyQ GH HOHJLU
GLFKR GLVHxR� $GHPiV� GH HVWH PRGR VH DKRUUD HQ OD FRPSUD GH FRPSRQHQWHV DO QR
QHFHVLWDU ORV GLVLSDGRUHV�

���� 'LVHxR GH OD 3&%

/D KHUUDPLHQWD HOHJLGD SDUD OD FDSWXUD GH HVTXHPiWLFRV \ HO GLVHxR GH OD 3&% HV $OWLXP
'HVLJQHU �������� GHELGR DO FUHFLPLHQWR TXH HVWi WHQLHQGR HQ ORV ~OWLPRV DxRV HQ DSOLFD�
FLRQHV PDLQVWUHDP� HV GHFLU� HQ SUR\HFWRV QL PX\ VHQFLOORV SHUR WDPSRFR PX\ FRPSOHMRV�

������ &DSWXUD GH HVTXHPiWLFRV

6H WUDVODGD D $OWLXP HO HVTXHPiWLFR GH OD ILJXUD ��� \ GHELGR D ODV FDUDFWHUtVWLFDV GHO GL�
VHxR� KD\ TXH UHDOL]DU � FRQWURODGRUHV SDUD FDGD XQR GH ORV 7(*� (O GLVHxR HV DGHFXDGR

��
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)LJXUD ����� 5HVXOWDGR GH OD VLPXODFLyQ WpUPLFD FRQ GLVLSDGRUHV�

SDUD DSURYHFKDU ODV YHQWDMDV GHO GLVHxR MHUiUTXLFR�

)LJXUD ����� &DSWXUD GHO HVTXHPiWLFR EiVLFR�

$OWLXP LPSOHPHQWD HO FRQFHSWR GH PXOWLFDQDO� HV GHFLU� DQWH OD QHFHVLGDG GH UHSHWLU XQ
EORTXH YDULDV YHFHV GHQWUR GH XQD MHUDUTXtD FRPSOHMD VH SXHGHQ LQVWDQFLDU YDULRV EOR�
TXHV LJXDOHV GH IRUPD DXWRPiWLFD KDFLHQGR HO HVTXHPiWLFR PiV FRPSDFWR� (Q HVWH FDVR�
VH OH LQGLFD D $OWLXP TXH WLHQH TXH UHSHWLU HO EORTXH � YHFHV \ TXH ODV VDOLGDV VRQ LQGH�
SHQGLHQWHV HQ FDGD EORTXH D WUDYpV GH XQ EXV GH GDWRV� (O HVTXHPiWLFR UHVXOWDQWH VH YH
HQ OD ILJXUD �����

3DUD ILQDOL]DU OD FDSWXUD GHO HVTXHPiWLFR� VH FUHD XQ QLYHO VXSHULRU GRQGH VH SURGXFHQ
ODV FRQH[LRQHV FRQ FDGD XQR GH ORV FRQHFWRUHV TXH SHUPLWLUiQ FRQHFWDU ODV FpOXODV GH
3HOWLHU \ OD FRQH[LyQ GHO VLVWHPD FRQ OD IXHQWH GH DOLPHQWDFLyQ�

��
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)LJXUD ����� (VTXHPiWLFR PXOWLFDQDO�

)LJXUD ����� 1LYHO VXSHULRU GH OD MHUDUTXtD

������ (PSOD]DPLHQWR GH FRPSRQHQWHV \ UXWDGR GH OD 3&%

*UDFLDV DO EXVFDGRU GH FRPSRQHQWHV LQWHJUDGR HQ OD KHUUDPLHQWD GH GLVHxR� HV IDFWLEOH
HVFRJHU ORV FRPSRQHQWHV \ HO SURYHHGRU GXUDQWH HO SURFHVR GH FDSWXUD GH HVTXHPiWL�
FRV� (V SRVLEOH FRQRFHU ORV SUHFLRV \ HO VWRFN HQ WLHPSR UHDO� DVt FRPR FRQWURODU TXH
FRPSRQHQWHV WLHQHQ PRGHORV HQ �' SDUD OD YLVXDOL]DFLyQ GH OD SODFD�

6LJXLHQGR OD HVWUXFWXUD SODQWHDGD HQ ODV VLPXODFLRQHV UHDOL]DGDV FRQ ([FHO HQ ORV DSDU�
WDGRV DQWHULRUHV VH FRQVLJXH HO UHVXOWDGR GH OD ILJXUD ����� /D XWLOL]DFLyQ GH OD MHUDUTXtD \
HO GLVHxR PXOWLFDQDO SHUPLWH WUDVODGDU IiFLOPHQWH HO FRQFHSWR GH HPSOD]DPLHQWR SRU KD�
ELWDFLyQ D OD 3&%� 'H HVWD IRUPD UXWDQGR XQD GH ODV KDELWDFLRQHV� VH UHSOLFD GH IRUPD
DXWRPiWLFD DO UHVWR VLPSOLILFDQGR HO GLVHxR \ UHGXFLHQGR GUiVWLFDPHQWH HO WLHPSR GH HP�
SOD]DPLHQWR \ HQUXWDGR GH OD SODFD� /DV GLPHQVLRQHV ILQDOHV GH OD SODFD VRQ ��� [ ���
PP

(O VWDFNXS HV GH GRV FDSDV� XQD GH ODV FDSDV VH XWLOL]D FRPR SODQR GH DOLPHQWDFLyQ �WRS�
\ OD RWUD FDSD IXQFLRQD FRPR SODQR GH PDVD �ERWWRP�� 'HELGR D OD FRUULHQWH TXH GHEH GH
VXPLQLVWUDU OD IXHQWH GH DOLPHQWDFLyQ �� $ HQ HO SHRU GH ORV FDVRV� VH KD GHFLGLGR XWLOL]DU
OD FDSD VXSHULRU FRPR SODQR GH DOLPHQWDFLyQ� $Vt DO WHQHU XQD PD\RU iUHD GH FREUH� VH
IDFLOLWD OD GLVLSDFLyQ GH FDORU HQ OD SODFD \ QR HV QHFHVDULR UXWDU SLVWDV GH XQ DQFKR PD\RU�

$OWLXP SHUPLWH YLVXDOL]DU OD SODFD HQ �' SDUD REVHUYDU HO DVSHFWR ILQDO GH OD PLVPD \
FRPSUREDU VX LQWHJUDFLyQ FRQ RWUR WLSR GH HOHPHQWRV� (O OLVWDGR GH PDWHULDOHV QHFHVDULR

��
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)LJXUD ����� 'LVHxR GH OD SODFD GH FLUFXLWR LPSUHVR�

SDUD VX IDEULFDFLyQ HV HO VLJXLHQWH�

���� )DEULFDFLyQ GH OD 3&%

/D IDEULFDFLyQ VH KD UHDOL]DGR HQ $,6/(5� XQD FRPSDxtD DOHPDQD TXH SHUPLWH IDEULFDU
SURWRWLSRV GH IRUPD UiSLGD \ VHQFLOOD D EDMR FRVWH� 1R HV QHFHVDULR JHQHUDU ORV ILFKHURV
GH IDEULFDFLyQ \D TXH OD HPSUHVD SHUPLWH VXELU HO SUR\HFWR GH $OWLXP \ RWURV SURJUDPDV
GH GLVHxR HOHFWUyQLFR SDUD UHFRQRFHU DXWRPiWLFDPHQWH ODV UHJODV GH GLVHxR \ WROHUDQFLDV
QHFHVDULDV� DVt FRPR HO VWDFNXS \ WRGDV ODV FDSDV JUiILFDV�

$O VXELU HO SUR\HFWR D OD ZHE VH UHFRQRFH GH IRUPD VDWLVIDFWRULD WDO \ FRPR VH YH HQ OD
ILJXUD ����� ILJXUD ����� ILJXUD ���� \ OD ILJXUD ����� (O IDEULFDQWH QRV RIUHFH OD RSFLyQ
GH FRPSUDU OD SODQWLOOD GH DOXPLQLR �VWHQFLO� SDUD DSOLFDU OD SDVWD GH VROGDGXUD HQ ODV
XELFDFLRQHV GRQGH KD\ FRPSRQHQWHV 60'� 3DUD HVWH SUR\HFWR QR KD VLGR QHFHVDULD OD
IDEULFDFLyQ GH OD SODQWLOOD�

��
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)LJXUD ����� 9LVWD �' GH OD 3&%�

���� 0RQWDMH \ YHULILFDFLyQ GH OD 3&%

8QD YH] IDEULFDGD OD 3&% FRQ HO SURYHHGRU VHOHFFLRQDGR� VH SURFHGH DO PRQWDMH GH ORV
FRPSRQHQWHV VREUH OD PLVPD� /D ILJXUD ���� PXHVWUD HO VLVWHPD GH FRQWURO GH ODV FpOXODV
GH 3HOWLHU OLVWR SDUD VHU YHULILFDGR�

6H KD XWLOL]DGR FRPR DOLPHQWDFLyQ XQD IXHQWH GHO ODERUDWRULR TXH HV FDSD] GH VXPLQLVWUDU
KDVWD � $� D VX YH]� WDPELpQ VH KD SUREDGR D FRQHFWDU XQD IXHQWH GH DOLPHQWDFLyQ GH 3&
TXH HV FDSD] GH VXPLQLVWUDU HQWUH �� \ �� $ HQ IXQFLyQ GH VX FRQILJXUDFLyQ�

7UDV SUREDU D HQFHQGHU ODV FpOXODV GH SHOWLHU GH IRUPD VLPXOWiQHD FRQ GLIHUHQWHV SDWURQHV
FRQ SHULRGRV GH IXQFLRQDPLHQWR GH �� PLQXWRV� VH YHULILFD TXH HO VLVWHPD GH FRQWURO IXQ�
FLRQD FRUUHFWDPHQWH \ HV FDSD] GH VXPLQLVWUDU OD SRWHQFLD QHFHVDULD DO DUUD\ GH FpOXODV
GH 3HOWLHU�

��
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&RPSRQHQWH 8QLGDGHV

/7���� �
3RWHQFLyPHWUR 379��$�����)�$��� �
&RQHFWRUHV �
&RQGHQVDGRU (&$��+0��� �
&RQGHQVDGRU 5&(�&�$���-�.�+��% �
&RQGHQVDGRU (&$��+0��� �
&RQHFWRU EDQDQD �

7DEOD ���� &RPSRQHQWHV QHFHVDULRV SDUD HO PRQWDMH�

)LJXUD ����� (Q HO ODGR L]TXLHUGR VH REVHUYD FDSD WRS GH OD 3&% PLHQWUDV TXH HQ HO ODGR
GHUHFKR VH REVHUYD OD FDSD ERWWRP�

)LJXUD ����� (Q HO ODGR L]TXLHUGR VH REVHUYD OD 3&% FRQ OD YLVLELOLGDG GH WRGDV ODV FDSDV
KDELOLWDGDV PLHQWUDV TXH HQ HO ODGR GHUHFKR VH REVHUYD HO 60' 6WHQFLO TXH SHUPLWH OD
FRORFDFLyQ GH ORV FKLSV 60'�

��
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)LJXUD ����� 0RQWDMH GH OD 3&% FRPSOHWDGR�

��



&DStWXOR �

([SHULPHQWDFLyQ

/D H[SHULPHQWDFLyQ VH KD OOHYDGR D FDER HQ HO ODERUDWRULR GH HOHFWURILVLRORJtD GH OD IDFXO�
WDG GH PHGLFLQD GH OD 8QLYHUVLGDG GH 9DOHQFLD� 6H KDQ XWLOL]DGR FRUD]RQHV GH FRQHMR GH
UD]D 1XHYD =HODQGD� FRQHFWDGRV D XQ VLVWHPD GH SHUIXVLyQ /DQJHQGRUII D WUDYpV GH OD
DRUWD� /D VROXFLyQ XWLOL]DGD HV 7\URGH D XQD WHPSHUDWXUD GH �� � ����& \ XQD SUHVLyQ GH
�� PP+J� /D R[LJHQDFLyQ VH UHDOL]D FRQ XQD PH]FOD GHO ��� GH �� \ �� GH &��� /RV
(*0 UHJLVWUDGRV VH REWLHQHQ GH OD VXSHUILFLH HSLFiUGLFD >��@�

���� 7HVW SUHOLPLQDU PHGLDQWH FORUHWLOR �&�+�&O�

&RQ OD ILQDOLGDG GH FRPSUREDU TXH HO VLVWHPD HV FDSD] GH UHJLVWUDU ORV FDPELRV SURYRFD�
GRV SRU OD GLVPLQXFLyQ GH WHPSHUDWXUD HQ DUHDV GHWHUPLQDGDV GH OD VXSHUILFLH HSLFiUGLFD�
VH UHDOL]D XQ SULPHU LQWHQWR PHGLDQWH HO XVR GH XQ VSUD\ GH FORUHWLOR� (O FORUHWLOR HQ IRUPD
GH HVSDU\� HV XQ FRPSXHVWR TXH VH HPSOHD FRPR DQHVWHVLD FULRJHQLFD� 6X IXQFLRQD�
PLHQWR VH EDVD HQ SURYRFDU XQ GHVFHQVR GH WHPSHUDWXUD VREUH HO iUHD GH WHMLGR GRQGH
VH DSOLFD�

(VWH H[SHULPHQWR WLHQH OD OLPLWDFLyQ GH TXH HO XVR GHO VSUD\ JHQHUD HO JUDGLHQWH GH WHPSH�
UDWXUD GH IRUPD WUDQVLWRULD HQ HO WLHPSR VLQ SRGHU FRQWURODU OD GXUDFLyQ� $ SHVDU GH HOOR KD
VLGR SRVLEOH FRPSUREDU XQ GHVFHQVR HQ OD IUHFXHQFLD FDUGLDFD WUDV VX DSOLFDFLyQ� 9pDVH
OD ILJXUD ����

���� *HQHUDFLyQ GH KHWHURJHQHLGDGHVPHGLDQWH HO DUUD\ GH Fp�
OXODV GH 3HOWLHU

&RQ HO PyGXOR GH FRQWURO ILQDOL]DGR \ OLVWR SDUD IXQFLRQDU� VH SURFHGH D OD UHDOL]DFLyQ GH �
H[SHULPHQWRV GLIHUHQWHV HQ HO ODERUDWRULR GH HOHFWURILVLRORJtD GH OD 8QLYHUVLGDG GH 9DOHQ�
FLD SDUD FRPSUREDU OD JHQHUDFLyQ GH KHWHURJHQHLGDGHV HQ ]RQDV ORFDOL]DGDV PHGLDQWH
OD DSOLFDFLyQ GH XQ JUDGLHQWH GH WHPSHUDWXUD VREUH OD VXSHUILFLH HSLFiUGLFD GHO FRUD]yQ�

(O SURFHGLPLHQWR UHDOL]DGR FRQVLVWH HQ SUHSDUDU HO PRQWDMH PRVWUDGR HQ ODV ILJXUDV ���

��
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)LJXUD ���� $SOLFDFLyQ GH FORUHWULOR VREUH OD VXSHUILFLH HSLFiUGLFD GHO FRUD]yQ SDUD JH�
QHUDU XQ JUDGLHQWH GH WHPSHUDWXUD GH IRUPD WHPSRUDO� 3XHGH DSUHFLDUVH HO HIHFWR GH OD
FULRJHQL]DFLyQ VREUH OD LQVWUXPHQWDFLyQ�

\ ��� FRQ HO DUUD\ GH 7(* DSDJDGR SDUD PHGLU OD DFWLYLGDG HOpFWULFD HQ HVWDGR EDVDO VLQ
PRGLILFDFLRQHV \ SRGHU XVDUOR GH UHIHUHQFLD WUDV OD DSOLFDFLyQ GH IUtR HQ ]RQDV GHWHUPL�
QDGDV� 3RVWHULRUPHQWH VH UHDOL]D HO HQFHQGLGR GH XQ Pi[LPR GH � FpOXODV GH 3HOWLHU GH
IRUPD VLPXOWiQHD JHQHUDQGR SDWURQHV HQ /� GLDJRQDO \ WULDQJXODU� 'LFKR SDWUyQ VH JHQH�
UD FRQ ORV 7(* D Pi[LPD SRWHQFLD GXUDQWH ���� PLQXWRV SDUD FRPSUREDU OD DSDULFLyQ GH
KHWHURJHQHLGDGHV� \D TXH� VHJ~Q OD HVWLPDFLyQ UHDOL]DGD PHGLDQWH 0$7/$% HVWH WLHP�
SR GHEHUtD VHU VXILFLHQWH SDUD DSUHFLDU FDPELRV� 7UDQVFXUULGR HVWH WLHPSR VH SURFHGH DO
UHJLVWUR GH OD DFWLYLGDG�

7UDV HO UHJLVWUR GH VHxDOHV �ILJXUD ���� VH SURFHGH DO DQiOLVLV GH OD VHxDO PHGLDQWH HO
XVR GH 0$7/$% \ 0LFURVRIW ([FHO SDUD FRPSUREDU OD YDULDFLyQ GH SDUiPHWURV FRPR OD
IUHFXHQFLD GRPLQDQWH HQ OD FRQGXFFLyQ� IUHFXHQFLD FDUGLDFD \ OD DPSOLWXG GH OD RQGD�

(O DQiOLVLV QR KD DUURMDGR UHVXOWDGRV FRQFOX\HQWHV GHELGR D TXH HQ GHWHUPLQDGRV FDVRV
VH KDQ REVHUYDGR UHJLVWURV GRQGH OD VHxDO HVWDED VXSHUSXHVWD D XQD RVFLODFLyQ� 7UDV
EXVFDU H[SOLFDFLyQ D HVWH IHQyPHQR VH KD FRPSUREDGR TXH H[LVWH XQD WHQVLyQ FRQWLQXD
GH ��� P9 DSUR[LPDGDPHQWH VREUH OD VXSHUILFLH GH OD FpOXOD GH 3HOWLHU� TXH DO HQWUDU HQ
FRQWDFWR FRQ OD DFWLYLGDG HOpFWULFD VXSHUILFLDO GHO FRUD]yQ� VH KD SURGXFLGR XQD FRQGXF�
FLyQ SDUDOHOD TXH KD DOWHUDGR HO UHJLVWUR� $ SDUWLU GH HVWH SXQWR� VH DSOLFD DLVODQWH VREUH
OD VXSHUILFLH GH ODV FpOXODV FRQ HO ILQ GH HYLWDU HVWH SUREOHPD�

'HELGR D ODV OLPLWDFLRQHV GH DFFHVR DO ODERUDWRULR GH HOHFWURILVLRORJtD QR KD VLGR SRVL�
EOH YHULILFDU HO IXQFLRQDPLHQWR \ UHJLVWUDU VHxDO VLQ LQWHUIHUHQFLDV HOpFWULFDV DQWHV GH OD
SUHVHQWDFLyQ GHO WUDEDMR�

��
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)LJXUD ���� 7UDPR GH VHxDO UHJLVWUDGR SRU HO FDWpWHU GXUDQWH ORV H[SHULPHQWRV�

)LJXUD ���� $UUD\ GH PyGXORV 7(* VREUH OD VXSHUILFLH HSLFiUGLFD FRQ HO +'*ULG DFRSODGR
HQ OD SRVLFLyQ GH UHJLVWUR�

��
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)LJXUD ���� 9LVWD WUDVHUD GHO PRQWDMH FRQ HO EUD]R GH VXMHFLyQ GHO FRUD]yQ SDUD HYLWDU
TXH VH VHSDUH GHO VLVWHPD GH HQIULDPLHQWR \ UHJLVWUR FRQ FDGD ODWLGR�

��



&DStWXOR �

&RQFOXVLRQHV

6H KD GHVDUUROODGR \ WHVWHDGR XQ VLVWHPD HOHFWUyQLFR FDSD] GH REWHQHU VHxDOHV HSL�
FiUGLFDV HQ ODERUDWRULR D SDUWLU GHO FDWpWHU +' *ULG GH QXHYD JHQHUDFLyQ GLVHxDGR
SDUD XVR FOtQLFR \ H[FOXVLYR SDUD QDYHJDGRU FRPSDWLEOH� /DV VHxDOHV REWHQLGDV VRQ
GH FDOLGDG FRQWUDVWDGD�

6H KD GLVHxDGR \ FRQVWUXLGR XQ VLVWHPD HOHFWUyQLFR IRUPDGR SRU XQD PDWUL] GH Py�
GXORV WHUPRHOpFWULFRV FRQWURODEOHV GH IRUPD LQGHSHQGLHQWH FDSD] GH JHQHUDU FDP�
ELRV GH WHPSHUDWXUD IRUPD FRQWURODGD� TXH FXPSOHQ ODV HVSHFLILFDFLRQHV PDUFDGDV
SDUD VX XVR HQ ODERUDWRULR H[SHULPHQWDO�

3DUD HO GHVDUUROOR GH GLFKRV VLVWHPDV VH KDQ XWLOL]DGR KHUUDPLHQWDV GH GLVHxR� VL�
PXODFLyQ \ WHVW GH IRUPD HIHFWLYD JUDFLDV D ORV FRQRFLPLHQWRV \ GHVWUH]DV DGTXLULGRV
HQ HO PiVWHU�
(Q ODV SUXHEDV UHDOL]DGDV LQ�VLWX HQ HO ODERUDWRULR GH H[SHULPHQWDFLyQ DQLPDO VH
FRUURERUy�

/D LQWHJUDFLyQ HQWUH HO VLVWHPD GH HQIULDPLHQWR VHOHFWLYR \ HO FDWpWHU +' *ULG IXH OD
FRUUHFWD SHUPLWLHQGR REWHQHU UHJLVWURV GH FDOLGDG D OD SDU TXH VH JHQHUDEDQ FDP�
ELRV GH WHPSHUDWXUD� 6H FRPSUREy DGHPiV TXH FDSWDED GH IRUPD LQPHGLDWD FDP�
ELRV H[WHUQRV FRPR OD HVWLPXODFLyQ ELIiVLFD�

6H REVHUYy TXH OD DFFLyQ WUDQVLWRULD GHO HQIULDPLHQWR GHVDSDUHFtD� UHFXSHUDQGR GH
IRUPD UiSLGD VX HVWDGR QDWXUDO� OR TXH SHUPLWH UHDOL]DU SURWRFRORV P~OWLSOHV�

6H UHDOL]DURQ JUDGLHQWHV GH WHPSHUDWXUD PHGLDQWH OD DFWLYDFLyQ�DSDJDGR VHOHFWLYD
GH FpOXODV WHUPRHOpFWULFDV� 3HUR VH REVHUYy TXH HO LPSDFWR VREUH OD ILVLRORJtD GHO
FRUD]yQ QR IXH OD HVSHUDGD GHELGR IXQGDPHQWDOPHQWH DO HIHFWR GHO W\URGH D ��� TXH
FRQWLQXDPHQWH HVWi UH]XPDQGR� DO WUDWDUVH GH XQ FLUFXLWR DELHUWR�

��
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/LQHDV IXWXUDV

(O VLVWHPD GH FRQWURO GHVDUUROODGR WLHQH XQ IXQFLRQDPLHQWR PDQXDO PHGLDQWH OD YD�
ULDFLyQ GH GLIHUHQWHV SRWHQFLyPHWURV� 8QDPHMRUD GHO VLVWHPD FRQVLVWLUtD HQ GHVDUUR�
OODU XQ KDUGZDUH FRQ SRWHQFLyPHWURV GLJLWDOHV FRQWURODGRV SRU XQ PLFURSURFHVDGRU
PDQHMDGR D WUDYpV GH XQD DSOLFDFLyQ HQ XQ RUGHQDGRU� 'H HVWD IRUPD� LQGLFDQGR
DO SURJUDPD OD WHPSHUDWXUD TXH VH GHVHD REWHQHU HQ OD VXSHUILFLH HSLFiUGLFD \ PH�
GLDQWH XQ VLVWHPD GH UHDOLPHQWDFLyQ VH DMXVWDUtD OD SRWHQFLD GH HQWUDGD DO PyGXOR
WHUPRHOpFWULFR SDUD FRQVHJXLU OD WHPSHUDWXUD GHVHDGD� /D LQWHUID] SRGUtD DGHPiV
FRQWHQHU XQD PDWUL] GRQGH VH TXH LQGLTXH HO HVWDGR GH FDGD XQD GH ODV FpOXODV GH
3HOWLHU�

6LVWHPD GH PHGLFLyQ GH WHPSHUDWXUD PHGLDQWH XQD PDOOD GH PLFURVHQVRUHV WpUPL�
FRV TXH VHDQ FDSDFHV PHGLU OD WHPSHUDWXUD HQWUH ODV FpOXODV GH 3HOWLHU H LQWHUSRODU
GH OD WHPSHUDWXUD GHEDMR GH OD ]RQD VREUH OD TXH HVWiQ ORV PyGXORV 7(*� 2WUD
RSFLyQ FRQVLVWLUtD HQ OD XWLOL]DFLyQ GH XQD FiPDUD WpUPLFD GH DOWD SUHFLVLyQ TXH
PRQLWRUL]DUD GH IRUPD FRQVWDQWH OD WHPSHUDWXUD GHO FRUD]yQ� (VWD PHMRUD QR HV
HVHQFLDO SDUD HVWH SUR\HFWR \D TXH OR TXH VH SHUVLJXH HV JHQHUDU KHWHURJHQHLGD�
GHV� QR VH SUHWHQGH FRUUHODFLRQDU HO YDORU GH OD WHPSHUDWXUD FRQ ODV PRGLILFDFLRQHV
SURGXFLGDV� 3HUR TXH GXGD FDEH TXH HVWD PHMRUD SHUPLWLUtD XQ PHMRU FRQWURO GH OD
WHPSHUDWXUD HIHFWLYD TXH VH DSOLFD DO PLRFDUGLR \ DEULUtD OD SXHVWD D RWURV HVWXGLRV
IXWXURV�

(VWLPXODFLyQ GHO FRUD]yQ PHGLDQWH LPSXOVRV HOpFWULFRV LQFRUSRUDGRV HQ HO VLVWHPD
SDUD YHU OD UHDFFLyQ D ORV HVWtPXORV HQ IXQFLyQ GH OD WHPSHUDWXUD GHO WHMLGR FDUGLDFR�

(VFDQHR �' GHO FRUD]yQ GH FRQHMR PHGLDQWH WHFQRORJtD /,'$5 FRQ OD ILQDOLGDG
GH LPSRUWDU HO PRGHOR D XQD DSOLFDFLyQ GH GLVHxR �' \ GLVHxDU XQD VXSHUILFLH FRQ
OD FXUYDWXUD GHO FRUD]yQ VREUH OD TXH PRQWDU ODV FpOXODV GH 3HOWLHU \ DVHJXUDU XQ
FRQWDFWR WRWDO VREUH HO WHMLGR�

8WLOL]DFLyQ GH XQ VLVWHPD /DQJHQGRUII FRQ FLUFXLWR FHUUDGR GH ERPEHR TXH SHUPLWD
SHUIXQGLU HO FRUD]yQ GXUDQWH XQ SHULRGR GH WLHPSR PiV ODUJR FRQ XQ VLVWHPD GH
PHGLGD FRQHFWDGR D LQWHUQHW SDUD SRGHU FRQWURODU HO KDUGZDUH GHVGH XQD DSOLFD�
FLyQ ZHE� 'H HVWH PRGR VHUtD SRVLEOH LQFOXVR FRQWURODU \ UHJLVWUDU HQ WLHPSR UHDO HO
HVWDGR GHO FRUD]yQ VLQ QHFHVLGDG GH HVWDU SUHVHQFLDOPHQWH HQ HO ODERUDWRULR GHELGR

��
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D ORV KRUDULRV UHVWULFWLYRV GH DFFHVR�
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